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ABSTRACT 
This study was designed was to determine the effects of additive supplementation of Moringa 
oleifera leaf meal on growth performance, digestibility, digestive organ size, intestinal integrity, 
bone ash content and bone breaking strength, as well as meat yield and quality of broiler 
chickens. A total of 2400 day-old unsexed Cobb-500 broiler chicks were randomly allocated to 5 
treatment groups: T1, positive control, 668 g/ton Salinomycin and 500 g/ton Albac; T2, T3 and T4 
contained graded levels of MOLM at 1%, 3% and 5% of dry matter (DM) intake, respectively; 
and T5, a negative control (0% additives) in a complete randomized design experiment. Except 
for week one, FI and FCR was highest (P < 0.05) in T4 birds; while T1 birds had the highest FI 
in the period of 22 to 27d (P < 0.05). Throughout the production period, birds supplemented with 
MOLM had the highest BW (P < 0.05) than the birds fed the control diets. Feed intake (FI) and 
feed conversion ratio (FCR) among treatments was highest (P < 0.05) in T4 birds during the 
period of 8 to 14 d; and was highest (P < 0.05) for T1 birds in the period of 22 to 27d. Protein 
efficiency ratio (PER) and energy utilization efficiency (EEU) ratios were statistically significant 
among treatments (P < 0.05). However, dietary treatments had no effect (P > 0.05) on the 
weights of the heart, liver, spleen, or the gizzard, although the bursa for T2 birds was the lightest 
(P < 0.05); while gizzard erosion score was highest in T2 birds. All of the nutrients measured, 
except for fat, had negative intercepts that were significantly different (P < 0.05) from zero, 
indicating the presence of endogenous fecal losses. Tibiae length (TL) was highest in T2. The 
dried defatted weight (DW) was heaviest (P < 0.05) for T3 (11.20 ± 0.347) and T5 (11.08 ± 
0.328). A positive correlation (r = 0.667; P < 0.01) between TW and DW was observed.  There 
were no dietary effects on bone breaking strength (BBS), but T1 tibiae had highest resistance to 
breaking force (T1 > T4 > T3 > T2 > T5).  Calcium was highest (P < 0.05) in T1; and lowest in 
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T2 and T5. Phosphorus levels were lowest (P < 0.05) in T1; and highest (P < 0.05) in T5 
compared. The highest Ca: P ratio was obtained in T4 (P < 0.05); while the ash % was highest (P 
< 0.05) in T1. Drip loss increased as L* values increased; and a negative correlation was 
observed between L* and pH. On D1, C18: 0 and C22 in T2, while C15:0 was highest in T4. On 
D1, C20:2, C20:3n6 and C22:6n3 were highest in T2 (P < 0.05); T4 had the highest C18:3n6 (P 
< 0.05), while C20:2 was highest in T5 (P < 0.05). The P/S ratio on D1 was highest in T4; while 
n-6/n-3 was highest in T1; and n-3 was highest in T3. On D8, the n-3 was highest in T1 (P < 
0.05). Results of the current study show that supplementation of M. oleifera leaf at additive 
levels of up to 5% of the bird’s DMI does have the potential to influence the bird performance 
without any detrimental effects on nutrient utilization, bird health, bone strength and/or meat 
quality, which can be concluded that MOLM enhanced the bird’s genetic potential for optimal 
productivity. 
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CHAPTER 1 
GENERAL INTRODUCTION 
1.1 Background 
Today’s commercial broiler is the most efficient ever, representing the combined efforts of 
genetics and improved operational managerial practices, with the most striking growth capability 
of 70-75g per day occurring in the first week (Leeson, 2008). Owing to continuous genetic 
selection of broilers for fast growth the rearing period necessary to reach the same live weight 
has been reduced (Gonzales et al., 2003; Gous, 2010). The efficiency in genetic modelling of 
poultry entails the ability to predict the bird’s growth and development, which allows the 
prediction of its nutrient requirements (Zuidhof et al., 2006). This provides an insight into the 
efficient capability of the chick to digest feed and to cope with environmental and management 
stresses (Mateos et al., 2002). Perceptions of consumers on raw and cooked meat quality have 
created significant interest in increasing the understanding of digestive physiology and the 
dynamics of the gut micro-flora (Dibner and Buttin, 2002). The microbial colonization of the 
gastrointestinal tract (GIT) at a young age is a critical time period for all animals; however, 
commercially bred poultry lack the natural contact between chicks and mother hens, thus 
delaying the development of the intestinal micro-flora (Applegate et al., 2010). 
 
Early access to feed and water post-hatch stimulates the growth of the GIT and its absorptive 
capacity; causing improvements in gut integrity and subsequent performance. Gain in protein 
deposition, therefore, is based on an improved feed conversion rate, influenced by digestibility of 
dietary ingredients that supply nutrients to the birds, and further determining micro-flora 
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proliferation in their guts. Intestinal health is one of the major factors governing the performance 
of birds and thus, the economics of poultry production. Healthy animals, nonetheless, are able to 
maintain a balanced microbial population that plays an important role in the growth and health of 
animals; including metabolizing nutrients in the digester to produce short chain fatty acids.  
 
During the past half-century, food animal production has increased dramatically as a result of in-
feed anti-nutritive (no nutrient contribution per se) additives such as feed enzymes, probiotics, 
single cell protein, antibiotics and antibiotic growth promoters (AGPs) that were developed to 
enhance animal productivity (NRC, 1994). These products also function as a quality control tool 
for the improvement and/or control of performance, animal welfare, meat safety, its nutritional 
value, eating and technological quality (Andersen et al., 2005). Further aims were to improve 
texture of feeds, their agronomic and processing characteristics, while preventing proliferation of 
bacteria, thus maintaining the health status while optimising digestion and performance in 
poultry (NRC, 1994; Steiner and Wegleitner, 2007). This is because a number of feedstuffs used 
in formulation of poultry diets contain anti-nutritive factors which may cause inconsistencies, 
and even sub-optimal growth performance in broiler chickens (Khempaka et al., 2009; Selle et 
al., 2010; Moyo et al., 2011).  
 
Notwithstanding that many, consumers currently perceive edible poultry tissues to be 
contaminated with harmful concentrations of drug residues linked to the development of 
antibiotic-resistant pathogenic bacteria that poses a threat to human health (Donoghue, 2003). On 
January 1, 2006 the sub-therapeutic usage of the antibiotic avoparcin in animal production, and 
all AGPs was banned by the European Union. A complete ban, however, has not been 
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implemented in many countries, including South Africa, USA and Brazil. Among European 
countries a variety of alternative growth and production enhancers are currently being used, 
however no single treatment or product has been successful in replicating the relatively 
consistent and robust effects of AGPs (Dibner and Buttin, 2002); particularly, when bio-security 
measures are compromised.  
 
Natural substances are viewed as a possible solution that would address public health concerns 
without compromising the efficiency of poultry production (Peric et al., 2009). Plant additives, 
are often referred to as phytobiotics, a term used to describe plant-derived natural bioactive 
compounds that affect animal growth and health; mostly applied to essential oils, botanicals, and 
extracts derived from herbal plants (Kim et al., 2008; Windisch et al., 2008). Plant supplements 
are common dietary additives for humans, preferred for their non-toxic chemical composition, 
relatively low cost and easy availability (Cross et al., 2007). However, for use in animal diets, 
phytogenics, are a relatively new class of feed additives and knowledge with regards to their 
modes of action and aspects of their application is still rather limited (Windisch et al., 2008). As 
such, nutritionists are hesitant to incorporate these feed additives in animal feeds due in part to 
unfamiliarity, the overselling of plausible effects by industry, product inconsistency, as well a 
lack of documentation on physiological and microbiological effects in vivo and persistence 
(Applegate et al., 2010).  
 
Moringa oleifera Lam (Moringaceae), a highly valued plant, distributed in many countries of the 
tropics and subtropics, has an impressive range of medicinal uses, including antimicrobial and 
antioxidant effects (Makkar and Becker, 1997; Bennett et al., 2003; Ferreira et al., 2008). Data 
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derived from nutrient characterization of Moringa oleifera leaves clearly indicates a rich nutrient 
profile of important minerals, a good source of protein and amino acids, vitamins, β -carotene 
and various phenolics with multiple feed additive purposes (Moyo et al., 2011). Owing to their 
aromatic properties, several phytogenic feed additives are reported to have an impact on feed 
palatability, depending on the applied dosage of the respective ingredients (Applegate et al., 
2010).  
 
1.2 Problem statement 
With the banning of the sub-therapeutic usage of the antibiotic avoparcin in animal production, 
and all AGPs by the European Union, other regions/countries are likely to follow suit. Non-
availability of suitable substitutes presents a serious problem to the poultry industry. Despite the 
current use of a variety of alternative growth and production enhancers there is no single 
treatment or product that has been successful in replicating the relatively consistent and robust 
effects of AGPs (Dibner and Buttin, 2002).  
 
Another problem is that some additives such as vitamin E and selenium, which are usually added 
in mono-gastric feeds, are very expensive. Identifying naturally-occurig alaternatives, such as 
plants is a possible alternative. The effect of such alternatives on the growth performance, 
digestibility, digestive organ size, gut health, bone characteristics, as well as meat yield, and the 
quality and shelf-life of meat from broiler chickens is important for the poultry industry. 
Moringa oleifera leaves have properties that make them a possible alternative in broiler 
production.  
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1.3 Justification 
Despite the high nutritional content and the medicinal value of M. oleifera, there is little 
information regarding its utilisation in poultry feeding as an additive for their growth 
performance, feed digestibility, gut health, bone characteristcs, meat quality, fatty acids 
composition and meat shelf-life. Such information is needed in identifying feeding strategies, to 
improve broiler production considering that the use of synthetic growth promoters and biotics 
have been banned in some countries. Although plant supplements are common dietary additives 
for humans, (Cross et al., 2007) they are rarely used in animal diets, because knowledge on their 
mode of action and application is still limited (Windisch et al., 2008). This is despite the fact that 
there is available literature on plants such M. oleifera.  
 
This widespread claim of M. oleifera’s nutritional and medicinal properties on humans is 
encouraging to further investigate its use as an additive in chickens. This research will also help 
the broiler production industry by possibly coming up with a possible alternative to the synthetic 
antibiotics and growth promoters. The is more critical given that natural substances are viewed 
as a possible solution that would address public health concerns without compromising the 
efficiency of poultry production.  
 
1.4 Objectives 
The broader aim of this study was to determine the level of Moringa oleifera leaf meal at which 
additive supplementation will affect growth performance, digestibility, digestive organ size, 
intestinal integrity, bone ash content and bone breaking strength, as well as meat yield and 
quality of broiler chickens.  
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Therefore, the specific objectives of this study were:  
1. To determine the effect of Moringa oleifera leaf meal supplementation on growth 
performance, nutrient digestibility, digestive organ size and carcass yield;  
2. To determine the effect of Moringa oleifera on intestinal morphology and gut health;   
3. To determine the effect of Moringa oleifera on tibia characteristics, mineral composition 
and bone breaking strength of broiler chickens at 35 days of age; 
4. To determine the effect of Moringa oleifera leaf meal on broiler meat quality, proximate 
composition and shelf-life attributes (pH, colour, and drip loss); 
5. To assess the extent of oxidative stability of lipid components and fatty acid composition 
in broiler breast meat of chickens supplemented with Moringa oleifera leaf meal. 
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CHAPTER 2 
LITERATURE REVIEW 
 
2.1 Introduction 
The global trend with consumer perceptions influencing the quality and safety of animal 
products, feed manufacturing has become exponentially more complex in terms of accountability 
and traceability of feeds and their component ingredients (Leeson, 2008). Lately, however 
consumers are becoming more aware of the impact of the food they eat have on their health, as 
safety of food worldwide remains challenged by the potential emergence of new pathogens and 
re-emergence of known pathogens. With regards to nutritional aspects, poultry meat well fit the 
current consumer demand for a low-fat meat with a high degree of unsaturated of fatty acids and 
low sodium and cholesterol levels; and is usually the least expensive in most countries, and is 
first or second in per capita in consumption (Leeson and Summers, 2005; (Petracci and Cavani, 
2012). This growing demand for poultry meat has resulted in pressure on breeders, nutritionists 
and growers to increase the broiler growth rate, feed efficiency, size of breast muscle and 
reduction in abdominal fatness (Petracci and Cavani, 2012); as well as to improve the skeletal 
conformation and bone ash and strength.  
 
Plant derived additives have been identified to contain bio-active compounds with effects similar 
to antibiotic growth promoters in three main areas, i.e., gut micro-flora, antioxidant properties, 
and liver function without compromising intestinal health and/or the bird’s genetic potential  
(Hernandez, et al., 2004). They are also said to have a potential to modify cholesterol 
metabolism, leading to a product with healthier implications for human consumption (Wallace et 
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al., 2010). One such plant is Moringa oleifera (M. oleifera) Lamarck (synonym: Moringa 
pterygosperma Gaertner); an angiosperm plant, commonly referred to as the drumstick tree, 
describing the shape of its pods or `horseradish tree, describing the taste of its roots (Makkar and 
Becker, 1997; Mbikay, 2012). It is a member of the Moringaceae family native of the Indian 
subcontinent, where its various parts have been utilized throughout history as food and medicine, 
and is now cultivated in all tropical and sub-tropical regions of the world (Makkar and Becker, 
1997; Mbikay, 2012).  
 
The M. oleifera leaves have been reported to contain a profile of important minerals that are 
particularly rich in both essential and sulfur-containing amino acids (Table 2.1), vitamins C, β-
carotene and various phenolics, thus qualifying the leaves as a potential animal feed supplement 
(Bennett et al., 2003; Ferreira et al., 2008; Moyo et al., 2011).  The leaves have also been shown 
to control glucose metabolism in rats and humans, having a control over conditions such 
lipedeamia and hyperglycemia, which renders cells susceptible to oxidation (Mbikay, 2012). The 
purpose of this study, therefore, was to investigate the effect of Moringa oleifera leaf meal on 
growth performance, digestibility, digestive organ size, intestinal integrity, bone ash content and 
bone breaking strength, as well as meat yield and quality of broiler chickens.  
 
2.2 Bioactive compounds in M. oleifera leaves 
The basic ingredients of plant extract preparations are secondary plant metabolites like 
allylisothiocyanates, thymol, carvacrol, cinnaldehyde, capsaicin, piperin and numerous other 
active agents (Botlhoko, 2009; Huyghebaert et al., 2011). Lately, following extensive research, 
plant bio-actives are often proposed as possible replacements for AGPs – the only complication 
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however, being their occurrence in nature as complex mixtures rather than as single compounds 
(Wallace et al., 2010). In as much bio-active compounds are used for many purposes, the 
ultimate objective is their positive interaction with the biochemistry of the body (Maiga et al., 
2005). Collectively, synergy between individual bioactive compounds in Moringa oleifera leaves 
may be an important feature of their action which may affect broad aspects of physiology, such 
as nutriment absorption and processing, red-ox state, or immunity (Anwar et al., 2007; Wallace 
et al., 2010; Mbikay, 2012). Certain bioactive compound occurring in M. oleifera leaves are 
illustrated in Figure 2.1 and 2.2, respectively. 
 
2.2.1 Glucosinolates 
Research findings reveal that the Moringa oleifera plant is rich in compounds containing the 
simple sugar, rhamnose and a fairly unique group of compounds called glucosinolates and 
isothiocyanates (Fahey et al., 2001; Bennett et al., 2003). Glucosinolates are characterized by β-
thioglucoside N-hydroxy sulphate motif (Mbikay, 2012). Glucosinolates themselves are 
biologically inactive molecules, but the end-products upon degradation are biologically active 
with diversified biological effects (Tripathi and Mishra, 2007). For instance, upon chemical and 
enzymatic hydrolysis they produce a range of products which possess anti-nutritional properties 
leading to reduced growth and impaired reproduction (Makkar and Becker, 1997). In M. oleifera 
leaves, most phytochemicals of this class carry a benzyl-glycoside group linked to the single 
carbon of the motif, which leads to the formation of corresponding isothiocyanates, thiocyanates, 
or nitriles upon enzymatic hydrolysis (Bennett et al., 2003; Mbikay, 2012).  
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Figure 2.1 Structural motifs and backbones of major phytochemicals found in M. oleifera leaves. 
Source: Mbikay (2012). 
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Figure 2.2 Some bio-active phytochemicals found in M. oleifera leaves. Source: Mbikay (2012). 
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Glucosinolates have a pungent taste, and belong to a group of volatile anti-nutritive compounds 
with a range of antimicrobial, antifungal and antibacterial properties (Leeson and Summers, 
2005). Four glucosinolates, two of which are present in significant concentrations in M. oleifera 
leaf tissues have been identified as 4-(α-L-rhamnopyranosyloxy)-benzylglucosinolate and three 
of its monoacetyl isomers (Bennett et al., 2003). Several novel isothiocyanates were found to 
suppress inducible nitric oxide synthase (iNOS) expression and nitric oxide (NO) production in 
lipopolysaccharide (LPS)-stimulated RAW264.7 mouse macrophage cells (Cheenpracha et al., 
2011). This is an activity suggested to have anti-inflammatory and cancer chemo-preventive 
potential (Park et al., 2011). Depending on concentrations in the diet, ingestion of glucosinolates 
may be deleterious to animal health and production; the effect may be greater in non-ruminant 
animals compared to ruminants, and more severe in laying hens and turkeys than in broilers 
probably due to their short life-span (Tripathi and Mishra, 2007).  
 
2.2.2 Phenolics and flavonoids  
Phenolic compounds are commonly found in both edible and non-edible plants and they have 
been reported to have multiple biological effects, including antioxidant activity (Kahkonen et al., 
1999). Two classes of phenolic acids can be distinguished, that is, hydroxybenzoic acids (gallic 
acid, ellagic acids) and hydroxycinnamic acids (p-coumaric, caffeic, ferulic, chlorogenic and 
sinapic acids), which are more common in plants than the hydroxybenzoic acids (Kasetti et al., 
2012); and many of these have been isolated in M. oleifera leaves (Mbikay, 2012). Newly 
opened M. oleifera leaves have the lowest phenolic content, which increases gradually with the 
maturity of leaves (Iqbal and Bhanger, 2006). Caffeic acid, the most common phenolic acid is 
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present in many fruits and vegetables, most often esterified with quinic acid as in chlorogenic 
acid, which is the major phenolic compound in coffee (Scalbert et al., 2005). 
 
Flavones are phenolic structures containing one carbonyl group that yield flavonol on the 
addition of a 3-hydroxyl group, whereas flavonoids are also hydroxylated phenolic substances, 
but occur as a C6-C3 unit linked to an aromatic ring (Cowan, 1999). A series of bioactive 
compounds, including both flavonols and phenolics have been detected in M. oleifera leaf 
extracts (Kahkonen et al., 1999; Manguro and Lemmen, 2007). Flavonols are a class of 
flavonoids that have the 3-hydroxyflavone backbone (IUPAC name: 3-hydroxy-2-
phenylchromen-4-1). Among the major classes of phytochemicals found in the M. oleifera plant, 
flavonoids are reported to carry most of the antioxidant activity (Mbikay, 2012). Quercetin and 
kaempferol, in their 3’-O-glycoside forms, are the predominant flavonols in M. oleifera leaves 
(Kahkonen et al., 1999; Joshi and Mehta, 2010; Mbikay, 2012). Together, with kaempferol-
rhamnoside, kaempferol and quercetin-glucoside; five other flavonol glycosides, namely, two 
benzoic acid glycosides and benzaldehyde-glucoside, syringic acid, gallic acid and rutin have 
been isolated from the defatted aqueous methanolic extract of M. oleifera leaves (Manguro and 
Lemmen, 2007).  
 
Quercetin is a molecular backbone for the citrus bio-flavonoids rutin and hesperidin, with 
antiviral activity properties, and has been found to inhibit the growth of human prostate and 
breast cancer cells (Bennet et al., 2003; Manguro and Lemmen, 2007; Joshi and Mehta, 2010). It 
is one of the most common flavonoids, a flavonol abundant in tea, fruits and vegetables (Scalbert 
et al., 2005; Wach et al., 2006). In leaves and other parts of the plants, quercetin occurs mainly 
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as aglycones and glycosides, in which one or more sugar molecules are attached to phenolic 
groups by glycosidic bond – glucose is the most common sugar, with galactose and rhamnose 
also frequently found in composition with flavonoids (Wach et al., 2006). Two flavonol 
glycosides, quercetin galactoside and quercetin arabinoside were identified in cranberry fruit 
(Chen and Zuo, 2007). Hypericum perforatum (St. John’s Wort) leaves, as in M. oleifera leaves, 
contain a significant amount of quercetin, mainly present as glycosides (Wach et al., 2007).  
 
Furthermore, appreciable concentrations of two cinnamic acid esters have also been detected in 
M. oleifera leaves (Bennett et al., 2003). Cinnamic acid is an organic acid occurring naturally in 
plants with low toxicity and a broad spectrum of biological activities (Sova, 2012). It is the 
precursor of both hydroxycinnamic acids and hydroxybenzoic acids (Kasetti et al., 2012), while 
flavonoids are formed from condensation reactions of cinnamic acids and acetic acid (Balentine 
et al., 1997). It is suggested that many cinnamic acid derivatives, especially those with the 
phenolic hydroxyl group, will have several health benefits due to their strong free radical 
scavenging properties and antimicrobial activity (Mbikay, 2012; Sova, 2012). There is some 
evidence that cinnamic acid has hyperglycaemic inhibiting activity (Kasetti et al., 2012). 
 
2.2.3 Tannins and other anti-nutrients  
Leaves of M. oleifera are reported to have a low quantity of tannins at 12g/kg dry matter and 
phytates at 21g/kg (Makkar and Becker, 1997); a phytate composition of 1% to 6% may reduce 
mineral bioavailability in monogastric animals, particularly, Zn
2+
 and Ca
2+
 (Ferreira et al., 2008). 
Other studies revealed a phytochemical composition of 2.59% phytates, 0.45% oxalate, 1.6% 
saponins, 21.19% tannins, 3% trypsin and 0.1% hydrogen cyanide (Bamishaiye et al., 2011; 
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Ogbe and Affiku, 2012). Saponins are known to possess both beneficial cholesterol lowering 
properties and deleterious to intestinal cell toxicity and permeability (Bamishaiye et al., 2011). 
Phytate, on the other hand, results in chelation of mineral ions and reduced digestibility of amino 
acids and carbohydrates, therefore impairing the availability of these compounds for poultry 
(Kornegay, 1999). 
 
Tannins (commonly referred to as tannic acid) are another complex group of water soluble 
polyphenolic plant metabolites classified as either hydrolysable or condensed, with the ability to 
react with proteins, polysaccharides and other macromolecules (Wallace et al., 2010). 
Hydrolyzable tannins consist of glucose as a central core of polyhydric alcohol, as well as 
hydroxyl groups, which are esterified either partially or wholly by gallic acid to form 
gallotannins (Makkar and Becker, 1997). After hydrolysis by acids, bases, or certain enzymes, 
gallotannins yield glucose and gallic acids (Chung et al., 1998). Condensed tannins (often called 
proanthocyanidins) are structurally more numerous and complex than hydrolyzable tannins are 
derived from flavonoid monomers (Makkar and Becker, 1997).  
 
Tannins are known to be most detrimental when fed to young birds in diets with marginal protein 
content (Luciano et al., 2009). The ability of tannins to bind protein seems to temper with growth 
promotion – an effect obviously attributable to gallic acid, and to a lesser extent to the toxic 
pyroacetol and pyrogallol compounds (Leeson and Summers, 2005). Further reports have shown 
tannins to be responsible for decreases in feed intake, growth rate, feed efficiency, net 
metabolizable energy, and protein digestibility in experimental animals (Chung et al., 1998). 
Nowadays, however, because of the ever-increasing knowledge on the chemical composition and 
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biological activity of tannins, opinions are changing, and these compounds are no longer 
classified as anti-nutritional, instead tannin-containing feed ingredients are attracting more 
interest as substitutes for antibiotic growth promoters in animal and poultry feeding (Schiavone 
et al., 2008). Moreover, antimicrobial activity in tannins has been detected, and may be related to 
their ability to inactivate microbial adhesins, enzymes and cell envelope transport proteins 
(Cowan, 1999). 
 
2.3 Growth promoting efficacy  
Generally, feed additives promote growth by relieving the host animals from immune defence 
stress during critical situations and increase the intestinal availability of essential nutrients for 
absorption, thereby helping animals to grow better within the framework of their genetic 
potential (Windisch et al., 2008). In the past, the use of plants in mono-gastric diets was 
restricted because of some negative aspects attributed to phytochemical composition that varies 
greatly due to variety, location and climate (Steiner and Wegleitner, 2007; Xiao et al., 2012). 
According to Herna´ndez (2004), however, the influence of phytochemicals on growth 
performance of farm animal species may be limited to their effect on antimicrobial activity in 
vitro. Addition of phytochemicals in feed increases the secretion of digestive fluids (Jamroz et 
al., 2005; Steiner and Wegleitner, 2007) and decreases the intestinal pH (Huyghebaert et al., 
2011); thereby, enhancing nutrient utilization efficiency, reducing frequency of digestive 
disorders and also increasing performance of broilers, while improving their health (Botlhoko, 
2009). A particular kind of steroids present in Moringa leaves has been shown to increase protein 
synthesis, promoting growth of muscles and bones (Bamishaiye, 2011). 
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Notwithstanding that, a reduction in growth performance with increasing levels of raw M. 
oleifera leaf meal has previously been reported, yet a lack of significant effect was observed 
when methanol-extracted extract was fed (Afuang et al., 2003). Feed processing for broiler 
chickens has been shown to strongly influence the physiological functions of the digestive tract 
with improved feed conversion (Engberg et al., 2010). The same plant bioactive compounds may 
in contrast be highly odorous or taste hot or pungent, thereby restricting feed intake and 
utilisation efficiency (Windisch et al., 2008). A reduction in efficiency of feed utilization and 
growth performance has been noted on chicks that were given diets with inclusion levels beyond 
5% M. oleifera leaf meal (Olugbemi et al., 2010). Recently, Ogbe and Affiku (2012) found no 
appreciable variations in the carcass and organ weight analysis in birds supplemented with 
Moringa leaves. Polyphenol levels as low as 0.05 mg/ml may exert inhibitory effects on α-
amylase, pepsin, trypsin and lipase at ratios of 61%, 32%, 38% and 54%, respectively; therefore, 
reducing enzyme mediated hydrolytic reactions, and thus the digestibility of carbohydrates, 
proteins and lipids (He et al., 2006). 
 
From a nutritional point of view, birds are incapable of reaching their genetic potential if the 
dietary nitrogen is supplied exclusively in the form of essential amino acids hence dietary 
composition of non-essential amino acids is also crucial (D’Mello, 1994). In Table 2.1 the amino 
acid and chemical composition of M. oleifera leaves from a study by Zarkadas et al. (1995) is 
shown. A recent study by Joshi and Mehta (2010) found the protein content of Moringa leaf 
powder to be higher than many of the commonly consumed green leafy vegetables, spinach 
(2%), mint (4.8%) and an equivalent of the protein content of many pulses such as moth beans, 
soybeans, which contain (22 - 24%) protein.  
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Table 2.1 Amino acid and chemical composition of extracted and un-extracted Moringa 
oleifera leaves.  
Amino acid Amino acid composition 
 Extracted leaves Un-extracted leaves FAO reference protein 
 (g/16g N) (g/kg DM) (g/16g N) (g/kg DM) (g/16g N) 
Lysine  6.61  26.77  5.60 14.06  5.80  
Leucine  9.86  42.89  8.70  21.84  6.60  
Isoleucine  5.18  22.53  4.50  11.30  2.80  
Methionine  2.06  8.96  1.98  4. 97  2.50  
Cystine  1.19  5.18  1.35  3.39  2.50  
Phenylalanine  6.24  27.14  6.18  15.51  6.30  
Tyrosine  4.34  18.88  3.87  9.71  6.30  
Valine  6.34  27.58  5.68  14.26  3.50  
Histidine  3.12  13.57  2.99  7.50  1.90  
Threonine  5.05  21.97  4.66  11.70  3.40  
Serine  4.78  20.79  4.12  10.34  -  
Glutamic Acid  11.69  50.85  10.22  25.65  -  
Aspartic Acid  10.60  46.11  8.83  22.16  -  
Proline  5.92  25.75  5.43  13.63  -  
Glycine  6.12  26.62  5.47  13.73  -  
Alanine  6.59  28.67  7.32  18.37  -  
Arginine  6.96  30.28  6.23  15.64  1.10  
Tryptophan  2.13  9.26  2.10  5.27  -  
Lysine  6.61  26.77  5.60  14.06  5.80  
Leucine  9.86  42.89  8.70  21.84  6.60  
Chemical composition 
CP% 43.50  25.10   
Lipid% 1.40  5.40   
Ash% 10.00  11.50   
NDF 47.40  21.90   
ADF 16.30  11.40   
ADL 2.20  1.80   
GE (MJ/Kg DM) 17.70  18.70   
Source: Zarkadas et al. (1995) 
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Moringa oleifera leaves are rich in both essential and sulfur-containing amino acids (Bennett et 
al., 2003; Ferreira et al., 2008; Moyo et al., 2011). Similarly, findings by Makkar and Becker 
(1997) suggest Moringa leaves could be a good source of protein supplement for high-producing 
cows. They reported high true protein content (230 g/kg) that remains available in the intestine in 
a proportion of 33%, as well as adequate levels of all essential amino acids and low levels of 
anti-nutritional factors. However, the fat content in M. oleifera leaves is considerable low, while 
the carbohydrate content is comparable with many of the carbohydrate rich cereals and 
vegetables after dehydration (Joshi and Mehta, 2010). Findings by Bamishaiye (2011) show 
Moringa leaves to have very high carbohydrate contents with no significant difference between 
the early stage and mid stage, but decreasing levels in late stage, indicating a reduction and an 
increase in the carbohydrate and protein contents, respectively, as the plant grow older.  
 
2.4 Intestinal integrity and digestive physiology  
2.4.1 Micro-flora proliferation and intestinal integrity  
Qualitative and quantitative microbial colonisation begins soon after birth, and gradually 
develops with age, rendering the maternal intestinal flora and surroundings as the main bacterial 
proliferation sources to the newborn digestive system (Leeson and Summers, 2005; Fortun-
Lamothe and Boullier, 2007; Steiner and Wegleitner, 2007). The crop and ceacum are two main 
sites of microbial activity.  Intestinal micro-flora population is a mixture of bacteria, fungi and 
protozoa, but predominantly bacteria (Yegani and Korver, 2008); and is present in the avian 
small intestine within 24 hours following hatch (Miles et al., 2006). At this stage, this is a crucial 
process for all growing animal. However, in commercially bred poultry the process of intestinal 
micro-flora development is delayed due to the absent natural contact between chicks and mother 
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hens (Applegate et al., 2010). Consequently, the digestive tract becomes burdened with 
distinguishing between nutrients and non-pathogenic micro-organisms from harmful micro-
organisms, while ensuring good nutrient absorption (Fortun-Lamothe and Boullier, 2007; 
Leaphart and Tepas III, 2007).  
 
A stable gut micro-flora predominantly composed of lactic-acid producing bacteria and 
protecting the host from pathogenic invasion, is a prerequisite for gut health and adequate growth 
performance (Steiner and Wegleitner, 2007). Strict anaerobes (anaerobic gram-positive cocci, 
Eubacterium spp., Clostridium spp., Lactobacillus spp., Fusobacterium spp. and Bacteroides) 
have been identified as the predominating caecal bacteria in young broilers (Rehmana et al., 
2007). Generally, broilers grown on litter floors are under a constant threat from a large number 
of pathogens (Apajalahti and Bedford, 2000; Leeson and Summers, 2005). Such conditions may 
depress broiler growth through competition between micro-flora and host animal, leading to 
impairments in nutrient uptake or fat absorption due to bile acid deconjugation (Engberg et al., 
2000). Moreover, micro-flora in the gut derive most of their energy for reproduction and growth 
from dietary compounds that are either resistant to attack by digestive fluids or their absorption 
is so slow that bacteria can successfully compete for them (Apajalahti and Bedford, 2000; 
Montagne et al., 2003). As a consequence, dietary manipulation of fermentation in the hindgut 
by the use of feed additives, or certain dietary raw materials is one approach to improve the 
colonization resistance exerted by the commensal flora to exclude enteric pathogens and thereby 
improve gut integrity (Montagne et al., 2003). 
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2.4.2 Digestive physiology 
Physiological studies have shown that the bird’s response to digestive contents and composition 
of the original feed is modulated by the health status of the gut (Mateos et al., 2002). The 
digestive system, while it plays a significant role in both supplying nutrients to all other organs, 
it is itself has the major nutrient requirements for high maintenance. The gut-associated 
lymphoid tissue (Figure 2.3) plays a crucial role in immune defence of the gastrointestinal tract 
(Fortun-Lamothe and Boullier, 2007). Thus, if the digestive system is challenged, its 
requirements for energy and protein increase immensely, putting a strain on nutrients availability 
towards growth and thus limiting the bird’s genetic potential (Spring, 2012). The dual functions 
of selective absorption and constant protection make the GI tract critical to the body’s 
functioning and vulnerable to infection in situations of physiological stress (Leaphart and Tepas 
III, 2007). Without a healthy gut, the best feed can be formulated, but it does not ascertain 
optimal broiler performance (Johnson et al., 2010).  
 
Thus, early development of the gut, supply organs such as the liver and heart, and skeleton are of 
high priority in supplying nutrients to the rest of the body to support later growth providing a 
frame on which muscle accumulates (Zuidhof et al., 2006). Fortunately, finger-like projections 
called villi greatly expand the surface area of intestinal lining (mucosa), which in the avian gut 
exist throughout the length of the small and large intestine, steadily decreasing in height along 
the way (Hoerr, 2001). Immediately post-hatch chicks have the high capability to degrade 
disaccharides in the mucosa via the sucrase-maltase complex, and accompanied by intake of 
exogenous feed, rapid development of the gastrointestinal tract (GIT) and associated organs is 
stimulated to assimilate the ingested nutrients (Uni et al., 1998).  
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Figure 2.3  Schematic spatial organisation of the gut-associated lymphoid tissue (Fortun-
Lamothe and Boullier, 2007).  
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Furthermore, feeding strategies can possible affect the competitiveness of harmful and non-
harmful bacteria by changing gut dynamics (Apajalahti and Bedford, 2000). This is mostly the 
case when poor quality fats are fed, particularly in the starter ration, tending to create an 
environment where pathogenic bacteria flourish; whereas certain varieties of wheat, non-starch 
polysaccharides and other fibre components from feedstuffs increase the viscosity of gut 
contents, again creating an environment favourable to pathogenic bacteria (Mateos et al., 2002; 
Ross Tech, 2008). Dietary fibre has a marked effect on the intestinal epithelial morphology, 
however, this varies and is dependent on the physico-chemical characteristics of the dietary fibre, 
its level of incorporation in the diet, the duration of ingestion, the animal species and age, and the 
site in the intestinal tract (Montagne et al., 2003). Therefore, the presence of undigested particles 
of feed in the faeces of poultry implies digestive inefficiency, which has economic consequences 
like poor feed conversion, growth, carcass yield and high cost of production (Hoerr, 2001).  
According to Trowell et al. (1976) cited by Montagne et al. (2003) dietary fibre may be defined 
as the sum of lignin and polysaccharides that are not digested by endogenous secretions of the 
digestive tract of single-stomached animals.  
 
Interestingly, antimicrobial activity and immune enhancement are assumed to be the two major 
mechanisms by which phytochemicals exert positive effects on the growth performance and 
health of animals (Yang et al., 2009). The effect plant bioactive on gut micro-flora, as well as 
their interaction with digestive physiology may enhance growth in many complex ways, which 
could further exert influenced on factors such as the compatibility between the diet and additives, 
hygiene standards and animal husbandry practices (Yang et al., 2009). Phenolics and 
polyphenols (simple phenols and phenolic acids, quinones, flavones, tannins, and coumarins), 
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terpenoids and essential oils, alkaloids, and lectins and polypeptides present in M. oleifera leaves 
have all been identified as useful antimicrobial phytochemicals (Cowan, 1999; Davidson, 2001). 
Pressed juice of M. oleifera fresh leaves has been shown to contain strong antibacterial activity 
against Micrococcus pyogenes var. aureus, Escherichia coli, and Bacillus subtilis (Siddhuraju 
and Becker, 2003; Maiga et al., 2005). The antibacterial effects of Balanites aegyptiaca and 
Moringa oleifera leaf extracts on Salmonella typhi were investigated by Doughari et al. (2007). 
They found the activities of these plant extracts comparable to those of the antibiotics 
ciprofloxacin, cotrimoxazole and chloramphenicol commonly used for treating typhoid fever. 
Plant extracts encourage volatile fatty acid production and a reduction in digester pH of broiler 
diets with (Vidanarachchi et al., 2005). Condensed tannins, on the contrary have a tendency to 
decrease the total caecal volatile fatty acid concentrations, possibly suppressing either activity or 
the numbers of gut micro-flora (Cross et al., 2011).  
 
2.5  Bone mineral composition and breaking strength  
2.5.1 Bone strength 
In intensive broiler production systems, skeletal health, particularly leg health, is important from 
both an economic and animal welfare point of view (McDevitt et al., 2006). Leg problems limit 
the access of broilers to the feeders and drinkers, causing emaciation and dehydration (Talaty et 
al., 2009b), resulting in poor uniformity in the flock. As a consequence of genetic selection for 
muscle growth there is increased pressure on skeletal integrity, and skeletal failure in the meat-
type chicken, primarily associated with rapid longitudinal and circumferential growth of long 
bones, has become an increasing welfare and economic issue (Williams et al., 2004). Skeletal 
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weaknesses or distortions lead to fractures in live birds and during processing especially when 
automated or mechanical deboning systems are used (Whitehead, 2007). Despite active selection 
for skeletal strength in the development of modern broilers, the anticipated improvements in 
broiler leg health may not be obvious if their mineral requirements are not being met, either due 
to a deficiency or an imbalance in dietary supply, or even by poor utilisation of the minerals in 
the diet (McDevitt et al., 2006). 
 
Mature bone mineral is generally accepted to have a structure close to that of the calcium 
phosphate, hydroxyapatite, which has a molar Ca: P ratio of 1·67 to 1 (Williams et al., 2004). 
However, absorption and homeostasis of Ca and P depends on the ratio in which they occur in 
the diet, with maximum absorption obtained by a 2Ca:1P ratio often met by supplying 10g Ca 
and 4.5g available P/kg as recommended by the NRC (1994) in the broiler starter diet 
(Whitehead, 2007). Inadequate dietary sources of calcium result in blood hypocalcemia, leading 
to reduced bone strength and mineralization (Talaty et al., 2009). Phosphorus on the other hand, 
being an essential component of organic compounds and nucleic acids, it is involved in a wide 
variety of metabolic functions including nervous tissue metabolism, and functions as a structural 
component of skeletal system (Coon and Manangi, 2008).  
 
2.5.2 Calcium and phosphorus requirements  
Major ingredients in poultry diets are of plant origin with approximately 60–80% of phosphorus 
being in the form of phytic acid or phytate, rendering it biologically unavailable (Foidl et al., 
2001). Phytate is known to complex with other nutrients, implying that the phytate-bound 
phosphorus and nutrients cannot be utilized and are instead excreted (Kornegay, 1999). 
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Critically, a high molar Ca: phytate ratio in the diet may lead to the formation of extremely 
insoluble Ca-phytate complexes under intestinal conditions, making the phytate molecule 
inaccessible to the phytase enzyme (Kornegay, 2009). Typically, supplementation of the phytase 
enzyme in grain based poultry diets has become common practice aimed at increasing 
phosphorus bioavailability by 25 – 50%, while reducing its excretion by 15 – 40%, thereby 
ensuring proper growth and bone development (Onyango et al., 2006; Coon and Manangi, 2008). 
The bird’s response to growth rate and tibia ash when offered diets supplemented with phytase is 
significantly affected by dietary Ca levels as well as dietary available phosphorus levels; being 
more evident under conditions of P deficiency (Yan et al., 2006).  
 
Fresh M. oleifera leaves have calcium and phosphorus contents of 440 mg and 70 mg / 100 g, 
respectively (Joshi and Mehta, 2010); and up to 21g/kg phytate (Makkar and Becker, 1997). 
Nutritional characterization of dried M. oleifera leaves revealed much lower levels of calcium, 
phosphorus, and magnesium at 3.65%, 0.3% and 0.5%, respectively (Moyo et al., 2011). 
Calcium is one of the most abundant elements in the body with 99% found in the skeleton, and 
the remaining 1% widely distributed in various soft body tissues (EMFEMA, 2002). In chickens, 
phosphorus is the second most abundant element next to calcium on per kg of fat free tissue basis 
(Coon and Manangi, 2008). Selected broilers are more sensitive to imbalances in mineral supply 
in their diets (McDevitt et al., 2006).  
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2.6 Meat yield and quality  
2.6.1 Meat yield 
The objectives in modern breeding strategies, particularly in pigs and meat-type chickens, have 
been to cost effectively achieve maximum lean muscle tissue (Maltin et al., 2003). In the young 
chick dark meat (e.g. drumstick and thigh) grows at a fairly constant rate relative to the body as a 
whole, while white meat (breast muscle) develops relatively slowly, then faster at higher body 
weights. Typically, broiler chicks grow at a 20% rate of their BW every day when first hatched, 
and then grow at a declining rate to zero as the bird reaches its mature weight (Zuidhof et al., 
2006). The post-natal protein accretion is the result of an increase in protein synthesis or a 
decrease in protein degradation (Maltin et al., 2003; Dozier et al., 2008). With fast growth, 
abdominal fat has been found to be genetically correlated to skin weight (r = 0.54), with close to 
zero genetic correlation (r = 0.02) to intramuscular fat percentage, an indication that carcass traits 
could be improved by selection for increased breast muscle and reduced abdominal fat without 
decreased intramuscular fat (Zerehdaran et al., 2004).  
 
2.6.2 Meat quality traits 
Meat quality is a generic term used to describe properties and perceptions of meat. Generally, 
meat by virtue of being a nutrient rich food, with adequate moisture it becomes a possible 
substrate for bacterial proliferation, which also gets exacerbated by the inclusion of poor quality 
feed-grade fat blends, particularly in the starter ration, thus creating an environment for 
pathogenic bacteria to flourish (Ross Tech, 2008). Poultry meat is a highly perishable food, and 
raw chicken tends to deteriorate in 4 – 10 days post-mortem, even under refrigeration storage 
31 
 
(Lin et al., 2004). It is believed that genetic progress, although beneficial to the industry, have 
put more stress on the growing bird, resulting in histological and biochemical modifications of 
the muscle tissue that are presumed to impair some meat quality traits (Petracci and Cavani, 
2012). Further spoilage in poultry meat is primarily associated with the post-glucose utilization 
of amino acids by aerobic microorganisms, such as pseudomonads, and the onset of the 
enzymatic degradation of proteins and peptides leads to the production of free amino acids (Lin 
et al., 2004).  
 
2.6.2.1 Meat colour 
Of the meat quality attributes measurable, colour is both for the consumer’s selection of fresh 
meat at the retail level and for the consumer’s final evaluation and acceptance of a meat product 
at time of consumption (Fletcher et al., 2000; Muchenje et al., 2009a; Dyubele et al., 2010). 
Chicken meat colour is affected by factors such as bird age, sex, strain, diet, intramuscular fat, 
meat moisture content, pre-slaughter conditions and processing variables. In general, the 
observable colour is the result of numerous chemical and physical processes within the muscle 
(Barbut, 2009). Chicken is unique because it is sold with and without its skin, being the only 
species known to have muscles that are dramatic extremes in colour (white and dark meat). 
Breast meat is expected to have a pale pink colour when it is raw, while thigh and leg meat are 
expected to be dark red when raw (Fletcher et al., 2000).  
 
However, extreme variations in colour, especially in the darker than normal colour ranges, may 
adversely have effects on final product colour (Fletcher et al., 2000). Moreover, over the last 
decade the problem of the pale, soft and exudative (PSE) problem and its relevance to the poultry 
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industry was given extensive attention by the industry and researchers (Barbut, 2009). Meat 
colour alterations such as PSE (pale, soft and exudative) and DFD meat (dark, firm and dry) 
prevalent in pork are rare in chickens (Pelicano et al., 2003), but a type of PSE (Figure 2.4) 
condition was identified in turkey breast meat from young toms using fast and non-destructive 
colour evaluation techniques (Barbut, 1993). Green plants such as grass, clover, lucerne, and, of 
the root crops, carrots are currently the main sources of β-carotene (BASF 2009; Castañeda et 
al., 2005). Carotenoids are compounds responsible for the pigmentation of skin, shanks and other 
non-feather tissues (Hamelin and Ultemueller, 2012); while the rest of the body color is 
influenced by the presence of the muscle pigments myoglobin and haemoglobin (Fletcher et al., 
2000). Birds, however, cannot synthesize carotenoids, meaning that provision in the diet is 
crucial. Among the natural products, marigold meals and concentrates have been most widely 
accepted for commercial use in poultry feeds (Castañeda et al., 2005).  
 
Traces of carotenoids, mainly, ß-carotene (401mg/kg of dry matter) and xanthins (neoxanthin 
219mg/kg, violaxanthin 76.5mg/kg, zeaxanthin 19.4mg/kg) have been isolated in M. oleifera 
leaves. Xanthophylls, a class of carotenoids, are the most prominent source of pigmentation in 
poultry feeds (Hamelin and Ultemueller, 2012). The type of pigment used has implications in 
differences in metabolism or deposition, because even though synthetic pigments may show 
better absorption in the tissues; natural pigments have shown more efficiency in increasing skin 
yellowness (Castañeda et al., 2005). Noteworthy, is the essentiality of carotenoids, not only for 
pigmentation, but also for immune-modulation as antioxidants – stream under immune stress 
periods, they drain drastically from the blood, resulting in reduced pigmentation throughout the 
whole body (Hamelin and Ultemueller, 2012).  
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Figure 2.4 Pale, soft and exudative (PSE)-like broiler breast meat (Petracci and Cavanni, 
2012). 
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2.6.2.2 Meat pH 
Further variations in broiler breast meat color are as a result of changes in muscle pH, and may 
be related to differences in the shelf-life of the meat (Allen et al., 1997). At post-mortem, 
anaerobic metabolism reduces the pH from about 7.2 in muscle to 5.8 in meat and stiffness as a 
result of rigor mortis develops (Fletcher et al., 2000). The ultimate pH of meat is highly 
dependent upon the amount of glycogen present in the muscle, with the implication that pre-
slaughter stress is related to muscle pH (Allen et al., 1997). Thus, the pre-slaughter feed 
withdrawal period has a potential to affect glycogen levels in the muscles and leaves, resulting in 
pH changes following rigor mortis. Fletcher et al. (2000) reported significant linear relationships 
between raw meat color and its pH, as well as the highest R
2
 for lightness (L* value) as a 
function of pH. Thus, because of the good correlations among color, pH, and cook loss it is 
possible to influence the PSE in meat by color evaluation or pH (Barbut, 2009) through feeding 
of green plants such as M. oleifera leaves with natural pigments.  
 
2.6.3 Meat proximate composition  
Meat quality is an extremely complex notion that can be evaluated from different points of view. 
Nowadays, consumers demand safer food products with increased nutritional value and to 
accomplish this goal food scientists and animal breeders are developing different strategies to 
alter the nutritional profile of meat products (Bou et al., 2009). Nutritionally speaking, chicken 
meat is a valuable source of proteins, vitamins and minerals, and has a relatively low fat content. 
However, in an increasingly competitive market place, meat processors are constantly working 
on ideas to produce more healthy meat products (Mitsumoto et al., 2005). In that respect, the 
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chemical composition of muscle tissue of major primal cuts becomes an important element of 
broiler meat quality.  
 
The increasing awareness on the important role played by omega-3 fatty acids in human 
metabolism, as well as the need for diets to contain higher levels of n-3 polyunsaturated fatty 
acids (PUFA) has focused on the importance of meat as a natural source of these nutrients to the 
human diet (Wood et al., 2003). Enrichment of eggs and poultry meat with n-3 FA is often 
achieved by feeding ingredients such as flaxseed, fish oil, fish meal, marine algae and canola to 
birds (Leeson and Summers, 2005). The source of dietary fat source has a significant effect on 
protein accretion (Sanz et al., 2000). However, such feeding practices are of major concern in 
poultry feeds with possible consequences of lipid oxidation and rancidity that occurs prior to, or 
after feed mixing and storage, with detrimental effects on carcass composition and shelf life of 
meat (González-Esquerra and Leeson, 2001). The effect of unsaturated fatty acids on shelf life is 
due to their propensity of to oxidise, leading to the development of rancidity as display times 
increases, resulting in colour change which is due to the oxidation of red oxymyoglobin to brown 
metmyoglobin, this reaction generally proceeding in parallel to that of rancidity (Woods et al., 
2003). Oxidative damage occurs due to an imbalance between the production of reactive oxygen 
or nitrogen species and the defense mechanism of the animal against oxidative stress, essentially 
a degradation process that occurs at the double bonds in the glyceride structure (Leeson and 
Summers, 2005).  
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2.6.4 Fatty acid profiles of broiler meat 
The fatty acid profile of poultry meat can be easily modified through different dietary strategies 
that excellently improve their nutritional value and oxidative stability without negatively 
compromising the sensory qualities (Bou et al., 2009). For instance, M. oleifera leaves contain 
17 fatty acids, including α-linolenic acid, heneicosanoic, g-linolenic, palmiteic and capric acid 
having been identified (Moyo et al., 2011). Owing to the different melting points of fatty acids, 
the variation in their composition has an important effect on firmness or softness of the fat in 
meat, especially the subcutaneous and inter-muscular (carcass fats), but also the intramuscular fat 
responsible for marbling (Wood et al., 2003).  
 
The body derives its lipids from de novo cellular biosynthesis and from dietary supply – they 
function in a variety of biological processes, including membrane formation, intracellular and 
intercellular signalling, as well as energy storage and production (Mbikay, 2012). It is commonly 
assumed that once the fat has been absorbed, the energy from fatty acids, irrespective of the 
degree of saturation will be used equally for metabolic purposes, with the implication that fats 
and oils are indiscriminately included in isoenergetic diets to meet metabolisable energy needs 
for broilers (Sanz et al., 2000). Saturated fat is not affected by dietary polyunsaturated fatty acids 
(PUFA), even though total fatty acid (TUFA) content decreases significantly by about 18% as 
dietary PUFA level increases; implying that to a limited extent animals on low fat diets will 
synthesize more saturated fatty acids (SFA) and monounsaturated fatty acids (MUFA) compared 
to those on high fat diets (Sanz et al., 2000; Villaverde et al., 2007).  
 
 
37 
 
2.6.5 Oxidative stability of broiler meat 
Many a times, and as preferred by consumers, chicken is sold fresh, and it is therefore essential 
to preserve its shelf-life for as long as possible. Antioxidants are synthetic or natural substances 
that are capable preventing or delaying product or tissue deterioration by acting against the 
damaging effects of oxidation (Huang et al., 2005). All living cells have a biological defense 
system against oxidative stress through enzymatic actions such as catalase, superoxide dismutase 
and glutathione peroxidase, as well as through reducing effect of glutathione (Huang et al., 2005; 
Mbikay, 2012). However, chain length and number of double bonds compromise n-3 FA 
oxidative stability (González-Esquerra and Leeson, 2001), causing oxidative rancidity, thereby 
leading to a loss in energy value tied to lipid degradation in the bird’s reserves for tissue lipid 
and fat-soluble vitamins (Leeson and Summers, 2005).  
 
Consequences are excessive glucose uptake by islet β-cells, which drives glycation reactions and 
the mitochondrial electron transport chain, producing macromolecule-damaging reactive oxygen 
species (ROS), at levels beyond the oxidation preventive capacity of the cell (Mbikay, 2012). 
There are two basic categories of antioxidants, namely, synthetic and natural. In general, 
synthetic antioxidants are compounds with phenolic structures of various degrees of alkyl 
substitution (Larson, 1988; Velioglu et al., 1998). Natural antioxidants on the other hand, can be 
phenolic compounds (tocopherols, flavonoids, and phenolic acids), nitrogen compounds 
(alkaloids, chlorophyll derivatives, amino acids, and amines) or carotenoids, even ascorbic acid 
(Larson, 1988; Velioglu et al., 1998). 
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2.6.5.1 Tocopherols, ascorbic acid and selenium 
The presence of β-carotene, vitamins A and C in M. oleifera leaves reveals their capability in 
inducing an antioxidant activity, even though the exact mechanism is yet to be elucidated 
(Anwar et al., 2007). An appreciable amount of 1400 mg/100 g on dry weight basis of ascorbic 
acid (vitamin C), as well as concentrations ranging between 678 and 920 mg/100 g in fresh and 
freeze-dried Moringa leaves samples, respectively, from three different agro-climatic origins has 
been reported (Siddhuraju and Becker, 2003). Ascorbic acid is known to can act as a scavenger 
of free radicals, indirectly regenerating vitamin E, depending on the conditions (Siddhuraju and 
Becker, 2003). In as much as a high content of γ-tocopherol has been found in practically the 
whole plant, considerable variations have been encountered at different stages of growth, ranging 
from 5.7μg/g (adult leaves) to 27.8μg/g (6 month-old leaves) of dry weight (Makkar and Becker, 
1997; Sreelatha and Padma, 2009).  
 
Vitamin E is an essential nutrient for animals owing to their inability to synthesize it, making its 
presence in their tissues totally dependent on the diet (Jensen et al., 1998). The four tocopherols 
(α, β, γ, and δ) and four tocotrienols (α, β, γ, and δ), differ in their biological and antioxidant 
activity - their analogous amount and ratio in meat is dependent on the type of tocol compound 
present in the feed (Bou et al., 2009; Wallace et al., 2010). Tocopherols and tocotrienols are 
together summarized as vitamin E known as fat-soluble antioxidants (Xiao et al., 2012). Vitamin 
E has been recognised as an essential nutrient for growth and health of all animal species 
(McDowell, 1989). The typical clinical sign of vitamin E deficiency in the chicken is exudative 
diathesis, nutritional muscle dystrophy, encephalomalacia, retarded growth and poor 
reproductive performance (Yuming Guo et al., 2001). The effectiveness of fat soluble 
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antioxidants such as tocopherols in delaying lipid oxidation is very limited due to difficulty in 
distributing the antioxidant into lipid susceptible targets especially when the meat is not ground 
(Bou et al., 2009).  
 
Consequently, vitamin E is often included at high levels along with highly digestible quality 
ingredients as a strategy to ameliorate undesirable per-oxidative effects, thus making chicken 
meat even more attractive to consumers, especially when the diet is composed of a mixture of 
different n–3 fatty acid sources (González-Esquerra and Leeson, 2001). Furthermore, a 
synergetic relationship between vitamin E and selenium allows selenium to spare vitamin E, 
reducing its requirements, and vice versa (Robert et al., 2008), but a severe selenium deficiency 
in chickens impairs vitamin E absorption. Selenium is a cofactor of selenoproteins, a constituent 
of the enzyme glutathione peroxidase (GSH-Px), which has an active antioxidant role in the 
cytosol of the cell where it prevents the accumulation of superoxide molecules from forming 
toxic free radical (Mahan, 1999; Huang et al., 2005). Selenium (Se) is an essential element that 
regulates a major component of antioxidant defence mechanism, and plays an important role in 
immune functioning and health and performance of broiler chickens (Zeinali et al., 2011). Its 
availability, from whatever source, is improved in the presence of other dietary antioxidants 
(Leeson and Summers, 2005), eliciting a favorable effect on quality of broiler meat (Peric et al., 
2009). Similarly, organic forms of selenium establish better feathering and promote bodyweight 
of chickens (Botlhoko, 2009; Peric et al., 2009). In this regard, selenium has been defined as an 
essential dietary supplement, which is important for improving health and performance of birds, 
as well as the quality of meat (Miezeliene et al., 2011).  
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2.6.5.2 Polyphenols as antioxidants 
Moringa oleifera leaf extracts has shown the ability to reduce potassium ferricyanide, scavenge 
superoxide radicals, prevent lipid membranes peroxidation in liposomes, inhibit microsomal 
oxidation in the liver, inhibit linoleic acid peroxidation and donate hydrogen ions (Siddhuraju 
and Becker, 2003). Polyphenols may protect cell constituents against oxidative damage, thereby 
limiting the risk of cell or tissue degeneration (Siddhuraju and Becker, 2003; Scalbert et al., 
2005; Windisch et al., 2008). The food industry is increasingly becoming aware of the 
polyphenolic properties to retard oxidative degradation of lipids, which improves the quality and 
nutritional value of food (Kahkonen et al., 1999). Notwithstanding that, other than α-tocopherol, 
there is little information available on the effects of natural antioxidants on lipid oxidation in 
muscle systems when administered through the diet (Lopez-Bote et al., 1998). 
 
Phytochemicals present in M. oleifera leaf extracts are good electron donors capable of 
terminating the radical chain reaction by converting free radicals to more stable products 
(Siddhuraju and Becker, 2003). To a larger extent, antioxidant properties in polyphenols are 
influenced by their chemical and physico-chemical environment (Scalbert et al., 2005). The 
potential of any compound, to act as an antioxidant primarily depends on it being absorbed 
through the gastrointestinal tract (Luciano et al., 2009). Among the major classes of 
phytochemicals found in M. oleifera plant, flavonoids appear to carry most of the antioxidant 
activity (Mbikay, 2012). Moringa leaves contain substantial concentrations of the natural 
antioxidant, ascorbic acid, although its activity is said to be much lower when compared to that 
of flavonoids, quercetin and kaempferol (Siddhuraju and Becker, 2003). In a study conducted by 
Sreelatha and Padma (2009), they found M. oleifera extracts of both mature and tender leaves to 
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contain potent antioxidant activity against free radicals, preventing oxidative damage to major 
bio-molecules and affording significant protection against oxidative damage. Similarly, oil 
extracted from M. oleifera leaves revealed significantly high oxidative stability, indicating the 
presence of natural antioxidants (Anwar and Bhanger, 2003). Velioglu et al. (1998) found allyl 
isothiocyanate to be a major constituent of horseradish (Moringa oleifera) oil, representing 90–
92% of the bioactive compounds in the oil. They also observed allyl isothiocyanate to have 
exceptionally high antioxidant activity, even higher than that of butylated hydroxyanisole (BHA) 
and butylated hydroxytoluene (BHT) at 400 mg/L and α-tocopherol at 200 mg/L, respectively 
(Velioglu et al., 1998).  
 
Quercetin, on the other hand has been shown to be an excellent trap for ABTS
◦+
 and almost five 
times more active than Trolox (a water-soluble derivative of vitamin E) at equivalent molar 
concentrations (Scalbert et al., 2005). The women in the Philippines consume chicken or 
shellfish soups mixed with Moringa leaves to enhance breast milk production; and the village 
people in southern India, use the fresh leaves to prepare and extend the shelf life of cow and 
buffalo ghee from butter fat (Siddhuraju and Becker, 2003). Nevertheless, serious concerns on 
the extreme inhomogeneous and potential composition of anti-nutritional factors, necessitates 
further research into their mechanism of action, with focus on compatibility with diet, as well as 
toxicity and safety assessment needs to be done before they can be applied more extensively in 
poultry feed (Steiner and Wegleitner, 2007; Yang et al., 2009). Thus, whether polyphenolic 
antioxidants are able to replace the antioxidants usually added to poultry feeds (e.g., α-
tocopherol) to a quantitatively relevant extent under conditions of common feeding practice, still 
remains unclear (Windisch et al., 2008).  
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2.6.6. Summary of Review 
Moringa oleifera, leaves by virtue of having a high nutritional profile and bioactive compounds 
that have the potential to regulate the gastrointestinal tract, may be used in broiler production. 
This review has highlighted how plants may be used in improving the major ‘farm to fork’ 
components in broiler production. The critical aspect in animal feeding is ensuring safety product 
safety and health of consumers. Chickens generally, have a predetermined genetic potential to 
optimize growth when reared in an environmentally controlled housing systems with optimal 
farm sanitation and bio-security measures in place. Further, precautions are necessary during 
harvesting and at the processing plant to ensure quality and freedom from pathogens. The use of 
natural additives, such as Moringa oleifera leaf meal may be useful in meeting these objectives. 
It is envisaged that such additives may also bring peace of mind to producers who may not be 
financially sound to purchase a withdrawal diet, thus eliminating the need to buffer tissue from 
medication before processing. Potential benefits from use of M. oleifera leaves broiler feeds 
include improvements in feed digestibility and efficiency of utilisation, gut health and integrity, 
bone characteristics, growth performance, carcass characteristics, physico-chemical meat quality, 
fatty acid profiles and oxidative stability. 
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CHAPTER 3 
Effect of Moringa oleifera leaf meal on growth performance, digestibility, digestive organ 
size and carcass yield in broiler chickens 
 
Abstract  
A total of 2600 day-old Cobb-500 broiler chicks of both sexes were used to study the effects of 
Moringa oleifera leaf meal (MOLM) on growth performance, digestibility, digestive organ size 
and carcass yield in broiler chickens was investigated. Experimental diets were as follows: T1, 
positive control, 668 g/ton Salinomycin and 500 g/ton Albac; T2, T3 and T4 contained graded 
levels of MOLM at 1%, 3% and 5% of dry matter (DM) intake, respectively; and T5, a negative 
control (0% additives). Body weights (BW) and feed intake (FI) were measured on a weekly 
basis; and digestibility of nutrients was measured over 48 hours. At 35 days (d) of age, 12 birds 
were randomly selected per treatment, 2 per replicate for determination of carcass and organ 
weights. On d 7 to 14, 15 to 21 and 22 to 28 birds on T4 had the highest BW (P = 0.010; P < 
0.001; P < 0.001 and P = 0.049), while T1 had the lowest; a similar trend was observed with 
ADG. Birds fed T4 diets had the highest FI (P = 0.001) in the period of 8 to 14 d, while T1 birds 
had the lowest. Apparent digestibility for CF, NFE, ADF and NDF was highest in birds fed T5 
(P = 0.047; P = 0.013; P = 0.054; 0.057). Drumstick weight was highest (p = 0.053) in T4 and 
lowest in T1; and the bursa weight was highest in T1 and lowest in T2; while gizzard erosion 
was highest in T1, and lowest in T4. An overall mortality of 2.7% mainly due to the flip over 
syndrome was observed. The present results indicate that supplementation of M. oleifera leaf 
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meal as an additive up to 5% of the bird’s DM intake did not impair nutrient utilization 
efficiency, but enhanced the bird’s genetic potential for growth performance. 
3.1 INTRODUCTION 
Poultry research advances have pooled knowledge of biochemical and physiological mechanisms 
geared towards improving the efficiency of feed utilization and increasing desired carcass 
attributes in response to changing dietary constituents (Kidd, 2009). Modern broilers require 9.4 
g of feed to produce 1 g of breast meat, whereas broilers that were unselected in 1957 required 
28 g of feed for an equivalent response (Zuidhof et al., 2006). For decades, the use of in-feed 
antibiotic growth promoters (AGP) at sub-therapeutic levels has been effective in enhancing 
growth performance of broiler chickens. However, following the AGP ban within the European 
Union in 2006, consumer perceptions have more weight on the quality and safety of animal 
products making feed manufacturing exponentially complex in terms of accountability and 
traceability of feeds and their component ingredients (Leeson, 2008).  
 
Until recently, plant additives were not utilized in poultry rations owing to their high fibre 
content, which impairs the digestibility of protein, energy and other nutrients (Brenes et al., 
2008; Moyo et al., 2011). To date, various natural alternatives have been researched, and many 
plants are reported to contain aromatic properties that have an impact on gut micro-flora, nutrient 
digestibility, intestinal morphology and meat quality of poultry, as with AGPs (Cross et al., 
2007). Without compromising intestinal health and/or the bird’s genetic potential, coarse 
ingredients have been reported to beneficially affect the development of the gizzard, ensuring 
complete grinding, a well-regulated digester flow and secretion of digestive juices (Selle et al., 
2010; Sacranie et al., 2012). This effect is directly associated with the ability of plant additives to 
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stimulate FI and improve digestion, especially in young animals, as reported in several studies 
with broiler chicks and weanling pigs (Applegate et al., 2010).  
One such class of comparable alternative is Moringa oleifera Lam (Moringaceae), a highly 
valued plant, distributed in many countries of the tropics and subtropics which have an 
impressive range of medicinal uses, including growth promotion, antimicrobial and antioxidant 
effects (Makkar and Becker, 1997; Moyo et al., 2011; Mbikay, 2012). Nutritional profile of dried 
M. oleifera leaves shows high levels of lipids and amino acids important in poultry productivity 
(Makkar and Becker, 1997). Ten of the 19 observed amino acids in M. oleifera are categorized as 
essential; threonine, tyrosine, methionine, valine, phenylalanine, isoleucine, leucine, histadine, 
lysine and tryptophan; and 17 fatty acids, including α-linolenic acid, heneicosanoic, g-linolenic, 
palmiteic and capric acid having been identified (Moyo et al., 2011). Moreover, M. oleifera 
leaves contain appreciable amounts of carotene, α-tocopherol, saponins, and low levels of 
phytates, tannins, lectins, cyanogenic glucosides and glucosinolates, while trypsin and amylase 
inhibitors have not been detected (Ferreira et al., 2008).  
 
Collectively, synergistic properties between individual bioactive compounds in M. oleifera 
leaves act in broad aspects of physiology, such as nutrient absorption and processing, red-ox 
state, and/or immunity (Anwar et al., 2003; Mbikay, 2012). The effect of M. oleifera leaf meal 
on growth performance, nutrient utilization efficiency gut integrity and/or carcass yield have 
been assessed in different ways. Several studies have evaluated the dietary inclusion of M. 
oleifera leaf meal at graded levels as either an alternative protein source or an extract used 
individually or in combination with extracts from other plants (Olugbemi et al., 2010; Ogbe et 
al., 2012; Tesfare et al., 2012; Zanu et al., 2012).  This study is unique in its attempt to assess the 
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effect of supplementing M. oleifera leaf meal (MOLM) at very low additive levels comparable 
with AGP inclusion rates in broiler diets.  Therefore, the aim of this study was to investigate the 
effect of feeding M. oleifera leaf meal at additive levels on the growth performance, digestibility, 
digestive organ size and carcass yield of broiler chickens. 
 
3.2 MATERIALS AND METHODS 
3.2.1 Preparation of M. oleifera leaf meal  
M. oleifera leaves were harvested from a village community near Grootfontein in Polokwane, 
Limpopo Province of South Africa. Fresh, green and undamaged leaves were air-dried during the 
day with no direct sunlight exposure, with constant turning over to avert fungal growth. After 5 
days of drying the leaves were grinded to a fine powder to pass through a 0.15-mm sieve. The 
leaf meal was tightly packaged in polythene plastic bags, sealed and kept at room temperature 
until required.  
 
3.2.2 Dietary treatments  
The feeding programme consisted of starter (0 to 21d), grower (22 to 28 d), and finisher (29 – 
35d) basal diets formulated on Win-Feed 3.0 Formulation Software to be iso-caloric and iso-
nitrogenous to meet the bird’s dietary nutrient requirements (NRC, 1994).  Each basal feed was 
split into 5 treatment (T) groups, which were prepared as follows: T1: positive control, basal diet 
supplemented with 668 g/ton Salinomycin and 500 g/ton Albac; T2: basal diet supplemented with 
1% MOLM; T3: basal diet supplemented with 3% MOLM; T4, basal diet supplemented with 5% 
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MOLM; and T5: a negative control, basal diet with no supplementation (Table 3.1). All diets 
from starter to finisher were pelleted. Proximate analysis for moisture, crude protein, ash and 
ether extract (Table 3.2); and mineral composition (Table 3.3) was performed on all 
experimental diets and on MOLM samples according to methods of the Association of Official 
Analytical Chemists (AOAC, 2000). The techniques described by Van Soest et al. (1991) were 
used to determine neutral detergent fibre (NDF) and acid detergent fibre (ADF) concentrations. 
 
3.2.3 Bird management and experimental design 
The study was carried out in an environmentally controlled poultry house (Animal Ethics No.: 
NKU01-1SWAP01). A total 2400 day-old unsexed Cobb 500 broiler chicks were randomly 
allocated to 30 floor pens containing fresh wood shavings to the depth of 10 cm in an 
environmentally controlled house, and were reared for 35 days maximum. The experiment was a 
completely randomized design divided into 5 dietary treatments with 6 replicate groups of 80 
birds per pen (5 diets × 6 replicates). House temperature was set and maintained at 34°C during 
the 1st week and then reduced by 3°C per week until 22°C was reached and maintained at this 
level until the end of the experiment. Relative humidity and ventilation were also controlled 
depending on external weather conditions, with daily fluctuations recorded; and the lighting 
program was continuous. All the necessary bio-security measures were in place. Birds were 
vaccinated for Marek’s disease and fowl pox at hatchery, but no vaccines were administered 
during rearing. Chicks were inspected daily and dead birds removed following recording of 
mortality (pen, date and body weight), and feed consumption data were corrected for body 
weight of mortality. Feed and fresh water were offered ad libitum throughout the whole 
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production cycle. Care and management of birds were in accordance with principles of animal 
care in experimentation (NRC, 1985). 
 
Table 3.1 Composition of basal starter, grower, and finisher diets on as fed basis.  
Item Phase feeding regime 
Starter  
(1 to 21 d) 
Grower  
(22 to 27 d) 
Finisher  
(28 to 35 d) 
    
Feed ingredients (g/kg)    
Fine Maize  610.3 664.4 660.4 
Soya oilcake  311.5 249.1 253.5 
Fishmeal  25.4 33.3 40.0 
Sunflower oil  20.0 25.0 16.9 
Limestone  14.8 14.0 13.6 
Monocalcium phosphate  8.6 7.1 7.6 
Methionine  3.1 1.7 2.4 
Salt  3.3 2.9 3.1 
*Vitamin + mineral premix  1.2 1.2 1.2 
Sodium Bicarbonate  0.9   
Choline Chloride  0.8 0.5 0.2 
Lysine  0.2 0.6 0.8 
Treonine  0.1 0.2 0.3 
    
Analysed composition, DM basis (g/kg)    
CP  246.2 206.6 200.6 
CF  30.9 14.1 32.8 
EE  50.0 54.7 45.2 
Ca  11.2 10.1 9.8 
Available P  7.7 7.8 6.8 
    
Calculated composition    
ME (MJ/kg) 140.8 144.2 138.8 
*Supplied the following per kg of feed: 60 mg of iron, 40 mg of manganese, 4 mg of copper, 70 
mg of zinc, 0.8 mg of iodine, 0.3 mg of selenium, 9000 IU of vitamin A, 2000 IU of vitamin D, 
15 IU of vitamin E, 2 mg of vitamin K, 1 mg of vitamin B12, 0.30 mg of biotin, 250 mg of 
choline chloride, 0.75 mg of folic acid, 20 mg of niacin, 5.3 mg of pantothenic acid, 7.5 mg of 
pyridoxine, 7.5 mg of riboflavin and 2.1 mg of thiamin. CP = crude protein; ME = metabolisable 
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energy; CF = crude fibre; EE = ether extract; NFE = nitrogen-free extract; Ca = calcium; P = 
phosphorus.  
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Table 3.2 Analyzed nutrient composition of the experimental diets and MOLM, on dry matter basis 
Dietary  
treatment 
ME (MJ/kg) CP (%) 
 
CF (%) 
 
EE (%) 
 
Moisture (%) 
 
Ash (%) 
 
NFE (%) 
 
ADF (%) 
 
NDF (%) 
 
 
Starter (0 to 21 days) 
T1 13.94 22.41 3.67 4.43 8.53 4.65 56.29 4.59 10.97 
T2 13.91 23.45 3.97 4.67 8.15 5.28 54.48 4.60 10.46 
T3 13.77 24.07 4.59 4.85 8.29 5.64 52.55 5.20 10.21 
T4 14.08 23.90 3.73 5.72 8.43 5.54 52.67 4.11 11.06 
T5 13.98 24.62 3.72 5.00 8.24 5.38 53.05 3.53 10.85 
Grower (22 to 27 days) 
T1 14.00 19.55 4.26 5.06 8.30 4.79 58.04 5.36 13.36 
T2 13.93 19.57 4.15 5.45 9.33 4.85 56.66 4.58 13.40 
T3 13.86 20.41 4.08 5.42 9.57 5.08 55.44 4.30 13.98 
T4 13.77 20.48 4.02 4.70 9.19 5.12 56.48 4.99 12.18 
T5 13.96 20.66 4.38 5.47 8.52 5.29 55.68 5.48 10.87 
Finisher (28 to 35 days) 
T1 13.73 21.72 4.25 4.87 9.62 4.94 54.60 5.85 10.99 
T2 13.91 20.96 3.98 4.97 8.74 5.10 56.25 4.74 13.29 
T3 13.71 22.21 3.61 4.56 9.56 5.33 54.74 4.42 11.85 
T4 13.64 21.79 4.20 4.66 9.45 5.46 54.44 5.55 12.36 
T5 13.77 20.06 4.00 4.52 9.26 4.86 57.30 4.96 12.32 
          
MOLM 11.44 26.76 15.72 5.63 7.83 10.81 33.25 13.79 20.08 
T1, positive control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of MOLM at 1%, 3% and 5% of DM 
intake, respectively; and T5: a negative control diet with no supplementation.  
 
 
 
63 
 
Table 3.3 Analyzed mineral composition of the experimental diets and MOLM, on dry matter basis 
Dietary 
Treatments 
P K Ca Mg Na Fe Cu Zn Mn Bo Al 
% mg/kg 
   
Starter (0 to 21 days) 
T1 0.71 1.02 1.01 0.24 1304.00 172.10 10.61 125.10 120.30 16.85 53.00 
T2 0.75 1.04 1.00 0.25 1509.00 183.00 18.27 99.60 112.30 18.77 55.00 
T3 0.76 1.06 1.02 0.25 1435.00 180.20 10.10 83.83 97.26 19.62 55.00 
T4 0.77 1.02 1.27 0.25 1619.00 186.50 9.46 87.75 106.60 19.61 60.00 
T5 0.77 1.13 1.12 0.25 1613.00 187.60 10.70 94.67 112.90 20.07 54.00 
Grower (22 to 27 days) 
T1 0.67 0.88 1.00 0.22 1229.00 162.90 8.00 111.70 82.02 14.86 40.00 
T2 0.72 0.87 1.01 0.23 1254.00 180.60 9.23 82.20 104.60 15.18 42.00 
T3 0.75 0.90 1.11 0.23 1241.00 204.30 8.11 83.73 111.10 15.54 45.00 
T4 0.75 0.90 1.11 0.24 1126.00 209.10 9.56 83.69 116.40 16.03 46.00 
T5 0.78 0.94 1.01 0.23 1214.00 200.60 9.50 83.21 104.60 15.62 48.00 
Finisher (28 to 35 days) 
T1 0.70 1.02 1.05 0.22 1242.00 166.50 7.61 111.10 80.88 15.31 49.00 
T2 0.72 0.96 1.04 0.22 1179.00 165.10 9.11 74.88 81.58 14.82 52.00 
T3 0.74 1.03 1.07 0.23 1493.00 182.40 11.25 82.54 95.96 15.09 54.00 
T4 0.72 1.04 1.07 0.24 1509.00 233.50 9.13 86.11 97.04 15.66 61.00 
T5 0.68 0.96 0.98 0.22 1349.00 154.20 7.99 74.85 78.90 13.26 45.00 
            
MOLM 0.32 2.43 2.81 1.01 795.00 192.00 5.67 23.82 86.79 33.07 160.00 
T1, positive control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of MOLM at 1%, 3% and 5% of DM 
intake, respectively; and T5: a negative control diet with no supplementation. 
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3.2.4 Growth performance  
Feed allocation and bird weight per pen were recorded at placement, as well as at weekly 
intervals, i.e. 7, 14, 21, 28 and 35 days of age, respectively. Body weight (BW, g) was calculated 
as final body weight minus initial body weight, and average daily gains (ADG) were calculated 
as weekly averages. Feed conversion ratio (FCR) was calculated as the FI (g) per BW (g) on a 
pen weight basis. All measurement took into account the body weights of dead birds. The 
following were also calculated: Protein efficiency ratio (PER) = [Bodyweight (g)/ Protein intake 
(g)] and Efficiency of energy utilization (EEU) = [Energy consumed (kJ) / Bodyweight (g)].  
 
3.2.5 Digestibility measurements 
Digestibility tests were conducted at the same period as the growth performance trial within the 
same experimental house using a total of 200 birds that were randomly allocated to 2 floor pens, 
and fed T1 diets. At 28 days of age, a total of 48 birds randomly selected from the 2 pens were 
transferred to hanging battery cages. Birds were allocated to pens individually, evenly distribute 
across the 5 dietary treatments in six replications in a completely randomized design. The 
remaining 18 birds were placed in groups of three per cage in the front row to environmentally 
buffer the experimental birds – feed and water were freely available to these birds. For the 
experimental birds, each cage was equipped with a small feeding trough, clipped inside the cage, 
whereas the cages with buffer had outside hanging feeding troughs; all cages had two drinking 
nipples. Throughout the trial temperature was kept at 22°C, lighting was continuous, and all the 
necessary bio-security measures were in place.  
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After a 1-week pre-adaptation period, the digestibility test was performed between day 35 and 38 
d. Each bird was offered 140g of feed, and feed intake (FI) per cage was determined as feed 
allocated minus feed refused. During the tests, clean stainless steel collection trays were placed 
beneath each cage and excreta were collected for 48 h. Fresh water was freely available. Spilt 
feed in the excreta collection tray was carefully removed and weighed, and it was considered as 
wastage. Excreta voided during the 48 h was collected on a daily basis in polyethylene bags, 
weighed and frozen at -18°C. Before analysis, the frozen samples were removed from the 
freezer, weighed, homogenized and dried at 90°C for 16 h overnight. Excreta were ground to 
pass through a 1-mm screen and proximate analysis was done. The techniques described by Van 
Soest et al. (1991) were used to determine neutral detergent fibre (NDF) and acid detergent fibre 
(ADF) concentrations.  
 
3.2.6 Carcass yield and digestive organ size 
At 35 days of age, 12 birds were randomly selected, 2 per replicate per treatment. Birds were 
individually weighed and were fasted for 8 hours with water offered ad libitum. At the 
processing plant, birds were re-weighed before they were sacrificed by cervical dislocation 
following electrical stunning at a voltage of 70 volts. After bleeding, scalding, plucking and 
washing, the feet, head and neck were removed. Thereafter the carcasses were eviscerated 
manually, cutting the neck and through the respiratory system; and removing the oesophagus; 
before being placed in a chiller (4°C) overnight for cooling and dripping. The gizzards as well as 
the visceral organs (liver, heart, spleen, and bursa) were removed by hand through an incision 
made around the vent and sternum. Carcasses and visceral organs were then weighed 
individually, and expressed as percentages of live body weight. Cutting on the joints, the 
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carcasses were cut into drumsticks (legs), wings and thighs, respectively; and through the 
shoulder area to remove backbone from breast; then cuts were weighed and yields calculated. 
Dressing percentage (CW/BW) was calculated and expressed as percentages of pre-slaughter 
body weight (BW). 
 
3.2.7 Statistical analysis 
For growth performance, digestibility and digestive organ size data, ANOVA were calculated 
using the general linear model (GLM) procedure of SAS (SAS Institute, 2005).  The model used 
was: Yij = μ + αi + eij 
Where Yij = response variable, μ = the common mean, αi = the effect of dietary treatment (T1, 
T2, T3, T4 and T5) and eij = the random error.  
Differences between treatment means were tested according to Duncan's Multiple Range Test of 
SAS. Data was presented as the least square means with standard error of means (SEM). 
Differences were considered to be significant at P < 0.05.  
 
3.3 RESULTS AND DISCUSSION 
3.3.1 Growth performance 
The effect of different treatments on feed intake (FI), bodyweight (BW), average daily gains 
(ADG), feed conversion ratio (FCR), protein intake, energy intake, protein efficiency ratio (PER) 
and energy utilization efficiency (EEU) of broilers for the periods of 1 to 7 d, 8 to 14 d, 15 to 21 
d, 22 to 27 d and 28 to 35 d of age, respectively, is shown in Tables 3.4 to 3.7, respectively. The 
chemical analysis conducted on the experimental diets confirmed that the diets met the dietary 
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formulation specifications. MOLM supplementation had no effect on the iso-caloric, iso-
nitrogenous and mineral composition of the experimental diets. No significant differences (P < 
0.05) occurred in FI and FCR (feed: gain ratio) among treatments in the periods (0 to 7 d), (15 to 
21 d) and (28 to 35 d). Differences in FI were only evident in the second (d 8 to 14); T1 birds 
had significantly lower (P < 0.05) FI and FCR than birds in T3 and T4, but were significantly 
higher (P < 0.05) than birds on T2 as well as those on the negative control diet, T5 for the same 
parameters.  
 
The current observation is in agreement with previously reported studies that have shown no 
significant differences (P < 0.05) in FI caused by plant additives, even when an improvement in 
FCR as a consequence of enhanced growth had been observed (Windisch et al., 2008). Findings 
by Sedghi et al. (2010) revealed no significant effects on BW and FCR during the starter, grower 
and finisher periods of birds fed diets supplemented with licorice extract or a prebiotic. 
Similarly, as reported by Bozkurt et al. (2009) plant additives fed in conjunction with mannan 
oligosaccharide can act as performance enhancers significantly improving broiler growth 
performance, in association with an increase in voluntary feed intake.  
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Table 3.4 Effect of diets supplemented with or without M. oleifera leaf meal (MOLM) on body weight and average daily gains of 
broilers from 1 to 35 days of age. 
Experimental period (d) 
and parameter 
Dietary Treatments 
T1 T2 T3 T4 T5 
Body weight (g)      
0 d    45.3 ± 0.23 45.5 ± 0.22 45.5 ± 0.37 45.9 ± 0.63 45.6 ± 0.19 
7 d  165.3
b
 ± 1.35
 
176.2
ab
 ± 1.83 176.0
ab
 ± 2.06 180.8
a
 ± 4.74 172.1
ab
 ± 2.83 
14 d 430.8
c
 ± 4.54
 
451.7
b
 ± 3.48 467.0
ab
 ± 3.21 473.4
a
 ± 3.71 445.2
b
 ± 6.55 
21 d 887.6
b
 ± 6.87
 
928.0
a
 ± 9.39 932.5
a
 ± 8.57 954.6
a
 ± 3.28 918.7
ab
 ± 13.16 
28 d 1450.3
b
 ± 6.62
 
   1490.0
ab
 ± 15.52 1491.9
ab
 ± 21.23 1526.1
a
 ± 20.14    1488.7
ab
 ± 17.44 
35 d 2119.5 ± 29.41
 
2147.2 ± 33.13 2236.1 ± 30.14 2174.4 ± 27.15 2176.6 ± 24.32 
      
Average daily gain (g/d) 
 
    
1 – 7 d 17.1b ± 0.22 18.7ab ± 0.27 18.6ab ± 0.33 19.3a ± 0.65 18.1ab ± 0.39 
8 – 14 d 37.9c ± 0.55 39.4b ± 0.46 41.6a ± 0.30 41.8a ± 0.60 39.0b ± 0.60 
15 – 21 d 65.3b ± 0.49 68.0a ± 1.15 66.5a ± 1.02 68.7a ± 0.57 67.6ab ± 1. 09 
22 – 28 d 80.4b ± 0.63 80.3ab ± 1.49 79.9ab ± 3.71 81.6a ± 2.94 81.4ab ± 1.04 
29 – 35 d 95.6 ± 3.99 93.9 ± 2.99 106.3 ± 4.08 92.6 ± 2.71 98.3 ± 1.39 
a–c
 Means within the same row that do not share a common superscript are significantly different (P<0.05). n = 6. T1, positive control, 
668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of MOLM at 1%, 3% and 5% of DM intake, respectively; 
and T5: a negative control diet with no supplementation. 
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Table 3.5 Effect of diets supplemented with or without M. oleifera leaf meal (MOLM) on feed intake and feed to gain ratio of 
broilers from 1 to 35 days of age. 
Experimental period 
(d) and parameter 
Dietary Treatments 
T1 T2 T3 T4 T5 
      
Feed intake (g/d)      
1 – 7 d 153.4 ± 3.91 157.2 ± 1.60 151.6 ± 2.08 158.2 ± 2.29 149.3 ± 4.59 
8 – 14 d 309.6c ± 2.12 316.3c ± 2.89 324.4b ± 2.52 331.7a ± 3.65 316.6c ± 4.34 
15 – 21 d 623.8 ± 10.30 568.6 ± 26.67 624.6 ± 10.71 593.9 ± 19.39 577.4 ± 13.83 
22 – 28 d 1025.4a ± 7.97 969.3b ± 13.44 990.8 ± 5.48 997.5b ± 5.07 960.0c ± 8.99 
29 – 35 d 1117.8 ± 16.13 1148.3 ± 28.49 1127.2 ± 19.71 1065.3 ± 59.08 1105.7 ± 31.38 
      
Feed: gain (g:g) 
 
 
 
  
1 – 7 d 1.3b ± 0.05 1.2ab ± 0.01 1.2a ± 0.03 1.2a ± 0.03 1.2a ± 0.03 
8 – 14 d 1.2c ± 0.01 1.1b ± 0.01 1.1abc ± 0.00 1.1b ± 0.02 1.2a ± 0.01 
15 – 21 d 1.4a ± 0.02 1.2c ± 0.07 1.3b ± 0.03 1.3bc ± 0.05 1.3c ± 0.02 
22 – 28 d 1.8 ± 0.02 1.7 ± 0.02         1.8 ± 0.09 1.8 ± 0.06  1.7 ± 0.03 
29 – 35 d 1.7 ± 0.10 1.8 ± 0.03 1.5 ± 0.08 1.7 ± 0.14 1.6 ± 0.03 
a–c
 Means within the same row that do not share a common superscript are significantly different (P<0.05). n = 6. T1, positive control, 
668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of MOLM at 1%, 3% and 5% of DM intake, respectively; 
and T5: a negative control diet with no supplementation.  
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Table 3.6 Protein intake and Energy intake of broilers (1 to 35 d) fed diets supplemented with or without M. oleifera leaf meal 
(MOLM)  
Experimental period 
(d) and parameter 
Dietary Treatments 
T1 T2 T3 T4 T5 
      
Protein intake (g/d)      
1 – 7 d 4.9b ± 0.13 5.3a ± 0.05 5.2ab ± 0.07 5.4a ± 0.08 5.3a ± 0.16 
8 – 14 d 11.9c ± 0.07 12.7b ± 0.11 13.4a ± 0.08 13.5a ± 0.13 13.4a ± 0.16 
15 – 21 d 16.2c ± 0.28 19.2b ± 0.94 18.7b ± 0.32 22.5a ± 0.74 16.6c ± 0.68 
22 – 28 d 20.1a ± 0.33 17.9b ± 0.83 19.4ab ± 0.38 19.5ab ± 0.79 18.1b ± 0.43 
29 – 35 d 23.5 ± 0.78 24.8 ± 0.84 25.2 ± 0.56 22.8 ± 1.45 22.4 ± 0.88 
      
Energy intake ((kJ/d))      
1 – 7 d 305.5ab ± 7.79 312.4ab ± 3.17 298.2b ± 4.10 318.2a ± 4.60 298.19b ± 9.17 
8 – 14 d 742.5b ± 4.28 753.3b  ± 6.25 763.4b ± 4.80 793.9b ± 7.55 925.25a ± 46.56 
15 – 21 d 1009.2d ± 17.55 1140.7bc ± 55.88 1068.3c ± 18.33 1325.3a ± 43.63 942.46d ± 38.35 
22 – 28 d 1440.8a ± 23.54 1275.3b ± 59.05 1316.1b ± 25.81 1304.0b ± 53.35 1222.1b ± 29.17 
29 – 35 d 1487.9ab ± 49.16 1647.2a ± 55.66 1553.2ab ± 34.39 1425.50b ± 90.72 1538.6ab ± 60.56 
a–c
 Means within the same row that do not share a common superscript are significantly different (P<0.05). n = 6. T1, positive control, 
668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of MOLM at 1%, 3% and 5% of DM intake, respectively; 
and T5: a negative control diet with no supplementation.  
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Table 3.7 Protein Efficiency Ratio (PER) and Energy Efficiency Utilisation (EEU) of broilers (1 to 35 d) fed diets supplemented 
with or without M. oleifera leaf meal (MOLM)  
Experimental period 
(d) and parameter 
Dietary Treatments 
T1 T2 T3 T4 T5 
      
PER (g: g/d)      
1 – 7 d 1.85 ± 0.096 1.77 ± 0.017 1.70 ± 0.060 1.76 ± 0.051 1.73 ± 0.082 
8 – 14 d 2.77c ± 0.016 2.81c ± 0.011 2.86b ± 0.014 2.85b ±  0.026 3.00a ± 0.027 
15 – 21 d 1.83c ± 0.027 2.07b ± 0.106 2.00abc ± 0.044 2.36a ± 0.080 1.80c ± 0.062 
22 – 28 d 1.39a ± 0.022 1.20b ± 0.049 1.30abc ± 0.034 1.28b ± 0.043 1.21b ± 0.021 
29 – 35 d 1.11 ± 0.030 1.15 ± 0.028 1.13 ± 0.031 1.05 ± 0.082 1.03 ± 0.031 
      
EEU (kJ: g/d)      
1 – 7 d 1.85a ± 0.060 1.77ab ± 0.010 1.70b ± 0.064 1.76ab ± 0.030 1.73b ±0.046 
8 – 14 d 1.72b ± 0.010 1.67b ± 0.07 1.63b ± 0.08 1.68b ± 0.015 2.08a ± 0.099 
15 – 21 d 1.14c ± 0.017 1.23b ± 0.063 1.15b ± 0.025 1.39a ± 0.047 1.03c ± 0.035 
22 – 28 d 0.99a ± 0.016 0.85b ± 0.035 0.88ab ± 0.023 0.86ab ± 0.029 0.82b ± 0.014 
29 – 35 d 1.11ab ± 0.019 1.15a ± 0.019 1.13ab ± 0.019 1.05b ± 0.051 1.03ab ± 0.022 
a–c
 Means within the same row that do not share a common superscript are significantly different (P<0.05). n = 6. T1, positive control, 
668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of MOLM at 1%, 3% and 5% of DM intake, respectively; 
and T5: a negative control diet with no supplementation.  
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Hernández et al. (2011) observed no effect nutrient retention or growth performance in the 
inclusion of sorghum up to 200 g/kg in broiler diets during the first 10 d of life, and during the 
entire experimental period. Findings by Lee et al. (2003) show a low FI, ADG and FCR in birds 
that were fed diets supplemented with 200 mg/kg carvacrol, while at the same concentration 
thymol showed no effect. Ogbe and Affiku (2012) reported a slight decline in FI from 7 to 8 
weeks of age in broilers that were fed diets with a higher concentration of poly-herbal extract 
(20%w/v) made up of Moringa oleifera leaves, Gum Arabic and wild Ganoderma lucidum.  
Significant fibre levels in dietary corn distillers dried grains with soluble have been reported to 
cause poor FCR of broilers from 1 to 21 and 22 to 42 days, but significant increases in FI at 1–21 
days were noted (Liu et al., 2011). Flavonol glycosides quercetin and kaempferol, which are 
predominant in M. oleifera leaves, as well as the alkaloid moringinine may have stimulated 
voluntary FI through their control on glucose homeostasis (Mbikay, 2012). 
 
Protein intake was significantly different between treatments, being higher for T2, T3, T4 and T5 
birds than birds on T1 diets, except during period 22 to 28 d. Energy intake, on the other hand 
was significantly higher (P < 0.05) for T4 birds, than the other treatments. This effect is reflected 
in FI, BW and FCR (Table 3.6); which may be explained by the ability of poultry to adjust their 
FI relative to meet their needs for energy, making FCR very sensitive in responses to growth 
promotion (Wallace et al., 2010). The highly significant (P < 0.05) dietary effects on crude 
protein (CPI) and energy intake (MEI), as well as protein efficiency ratio (PER) and energy 
efficiency utilization (EEU) ratios were similar to that of FI and FCR. Dietary treatments had no 
variations in energy value, implying that the growth promotion effect in MOLM may be at play, 
in agreement with the functional properties of antibiotics. Growth rate in the initial stage, from 
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day 1 to 7 d was closely matched for birds on the four experimental groups without antibiotics; 
birds weighing 176.16, 175.95, 180.79 and 172.07 g in T2, T3, T4 and the negative control T5, 
respectively. During this period birds on T4 had significantly higher (P < 0.05) BW than birds on 
the T1, which had an average weight of 165.29 g/bird d. No significant differences existed 
between the control treatments, T1 and T5, although T1 was highly significant (P < 0.05) against 
T4, T3 and T2. Overall from 8 to 21 d of age, birds fed the T4 diet grew significantly faster than 
the birds fed either T3, T2, T5 (negative control) or T1 (positive control).  
 
Birds on T4 had the highest BW (P < 0.05). The antibiotic effect of both the synthetic and natural 
form may be the only explanation behind the improved growth performance of birds that were 
supplemented with higher MOLM levels. Antibiotics are believe to function through the 
modification of gut micro-flora, suppressing bacterial catabolism and bacterial fermentation, 
which leads to increased bio-availability of nutrients to the tissues and enhanced growth 
performance (Hernández et al., 2006). MOLM is reported to contain benzyl isothiocyanate, 
which is understood to have antimicrobial properties (Fahey, 2005). In the current study BW and 
ADG increased linearly with an increase in MOLM levels. As expected, performance measures 
for birds on the negative control, in all the phases, were significantly (P < 0.05) lower than those 
for their supplemented counterparts. Mortality (Figure 3.1) was lower for birds fed the T2 diet 
than for birds fed the T3 and T4, the control diets, with or without antibiotics for the entire 
growing periods (1.67 vs. 2.29, 3.95, 2.7 and 2.7%, respectively). Although, a small percentage 
(0.2%) of non-starters was encountered, the flip over syndrome was the main cause for mortality, 
in particular for T4. This response on T4 may be attributed to the rapid growth rate observed in 
birds that were fed these diets. 
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Figure 3.1 Mortality rate for the growth period of 1 to 35 d of broilers fed diets 
supplemented with or without M. oleifera leaf meal (MOLM). T1, positive control, 668 mg Zinc 
Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of MOLM at 1%, 3% and 5% of 
DM intake, respectively; and T5: a negative control diet with no supplementation. 
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3.3.2 Digestibility of nutrients  
The apparent digestibility of ash, ether extract (EE), crude fibre (CF), crude protein (CP) and 
nitrogen free extract (NFE) is shown on Table 5. No dietary treatment effects were observed with 
ash, EE and CP. However, apparent CF digestibility was highest in T5 and lowest in T3 (p < 
0.05); while it was highest for NFE in T5 and lowest in T4 (P < 0.05). Moringa oleifera 
supplementation had no effect on apparent digestibility for ash, EE and CP.  Surprisingly, 
apparent digestibility of ADF was highest in T4 birds and lowest (p < 0.05) in T3 birds; while 
NDF was highest in T5 and lowest in T1 (p < 0.05). Endogenous losses may not be ruled out, as 
a result of undigested residue from the feed, in particular fibre, NDF and ADF; of which some 
may have actually been sloughed off the intestinal wall, for instance protein and ash. Kafirin, 
phytate and maybe condensed tannin in certain feedstuffs may cause inconsistencies, and even 
sub-optimal growth performance in broiler chickens (Khempaka et al., 2009; Selle et al., 2010; 
Moyo et al., 2011). Both phytate and tannins, capable of binding proteins in the gut, depressing 
its digestibility and uptakes of dietary and endogenous amino acids are present in M. oleifera 
leaves (Ferreira et al., 2008; Selle et al., 2010).  
 
The velocity at which the diet passes the digestive tract is a crucial digestion parameter, which 
varies on the basis of dietary fiber levels (Lou et al., 2010). Dietary fiber inclusion has been 
reported to significantly increase the coefficients of total tract apparent digestibility of all 
nutrients, including the dietary metabolisable energy content (González-Alvarado et al., 2010). It 
is difficult to explain the lack of variation in fiber levels between diets that were supplemented 
with MOLM and the control diets, but the fact that grinding and pelleting may have had an 
impact on feed form cannot be ruled out. Moreover, there is a possibility that the physical 
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structure and chemical characteristics of the fibrous particles might limit the effectiveness of 
some fibre sources to enhance nutrient utilization (Jiménez-Moreno et al., 2010).  
 
Inconsistencies, and even sub-optimal growth performance in broiler chickens are often 
encountered with feedstuffs that contain kafirin, phytate and condensed tannin (Selle et al., 
2010). Moringa oleifera leaves contain both phytate and tannins, which have the capacity to bind 
proteins in the gut and depress protein digestibility, as well as intestinal uptakes of dietary and 
endogenous nutrients (Selle et al., 2010; Moyo et al., 2011). Nowadays, however, tannins are no 
longer classified as anti-nutritional due to increasing knowledge on their chemical composition 
and biological activity (Schiavone et al., 2008). Thus, the efficient nutrient utilization noted in 
this study in MOLM supplemented birds may suggest tissue bio-efficiency of polyphenols or 
their metabolites present in M. oleifera leaves (Brenes et al., 2008). On the other hand, 
polyphenols have properties that may inhibit digestive enzymes and reduce digestibility (He et 
al., 2006). Nonetheless, the lack of detrimental effects could be attributed to the surprisingly low 
content of fibre in the diets supplemented with MOLM, in particular T4. This is in contrast to 
previous speculations that fibre, because of its poor digestibility, may decrease DM digestibility, 
thereby suppressing the nutrient utilization efficiency (Brenes et al., 2008). Moreover, plant 
additives are assumed to have a positive impact on nutrient digestibility due to reduced 
competition for nutrients between the bird and its gut micro-flora, as well as a potential to 
stimulate intestinal enzyme activities and changes in gut morphology (Applegate et al., 2010). 
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Table 3.8 Apparent digestibility of nutrients for broilers (35 d) fed diets supplemented with or without M. oleifera leaf meal 
(MOLM) 
Apparent nutrient 
digestibility 
treatment 
Dietary treatments 
T1 T2 T3 T4 T5 
      
Ash 51.1 ± 3.95 54.9 ± 3.85 55.4 ± 1.49 56.1 ± 3.19 54.8 ± 3.16 
Ether extract 92.3 ± 1.67 93.5 ± 1.43 93.3 ± 0.53 90.7 ± 0.97 93.3 ± 1.34 
Crude fibre 55.7
b
 ± 3.94 63.3
ab
 ± 3.43 54.7
b
 ± 1.94 55.9
b
 ± 3.27 65.1
a
 ± 2.75 
Crude protein 72.3 ± 2.64 75.4 ± 1.72 74.2 ± 0.73 75.3 ± 1.49 74.3 ± 1.85 
NFE 60.0
ab
 ± 1.55 58.1
ab
 ± 1.59 57.7
ab
 ± 1.49 56.5
b
 ± 0.96 61.4
a
 ± 1.69 
ADF 66.2
a
 ± 2.46 62.0
a
 ± 3.15 53.6
b
 ± 2.48 66.4
a
 ± 2.88 65.0
a
 ± 2.45 
NDF 56.8
b
 ± 3.59 66.1
a
 ± 3.02 60.8
ab
 ± 1.29 63.7
ab
 ± 2.91 66.7
a
 ± 2.25 
a–b
 Means within the same row that do not share a common superscript are significantly different (P<0.05). n = 6. T1, positive control, 
668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of MOLM at 1%, 3% and 5% of DM intake, respectively; 
and T5: a negative control diet with no supplementation. NFE = nitrogen free extract; ADF = acid detergent fibre; NDF = neutral 
detergent fibre. 
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3.3.3 Carcass yield and digestive organ weight 
Table 3.9 show the effects of dietary treatments on dressing percentage, carcass yield and the 
weights of the liver, gizzard, heart, spleen and bursa of Fabricius. There were no significant 
differences in the chilled carcass and dressed carcass (Figure 3.2), liver, heart, spleen and gizzard 
weights measured at 35 d of age. Khempaka et al. (2009) found that the percentages of 
eviscerated carcasses and giblets found in broilers fed dried cassava pulp were not significantly 
different from those of the control. The bursa of Fabricius for T4 birds was the largest, and was 
significantly (P < 0.05) larger than for birds on T2 diets, which was much lower than usually set 
standards for a good bursa to bodyweight ratio ranging between 0.18 and 0.30 (Cazaban and 
Gardin, 2012). In young birds the bursa is plays an important role in boosting the immunity. 
Ideally the bursa to BW ratio of meat-type breeds increases linearly to a strong bursa 
development, against a relatively slow body development; then from 6 weeks onwards when 
body growth is at its optimal, bursa development stabilizes and it gradually declines in weight 
(Cazaban and Gardin, 2012). Now in the current case, it can be speculated that birds in T2 had 
already reached a plateau in bodyweight growth and visceral organ development, hence the 
decline in bursa weight. Hernández et al. (2011) reported significantly larger gizzards and higher 
gizzard content for broilers fed sorghum than those that were fed wheat diets at 21 d of age.  On 
a positive note, according to a review by Wallace et al. (2010), FI and FCR were not affected by 
the dietary inclusion of plant extracts, although positive effects on body weight, body weight 
gain, organ weight and/or energy utilization did exist. Without compromising intestinal health 
and/or the bird’s genetic potential, coarse ingredients have been reported to beneficially affect 
the development of the gizzard, ensuring complete grinding, a well-regulated digester flow and 
secretion of digestive juices (Selle et al., 2010; Sacranie et al., 2012). 
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Table 3.9 Effect of diets supplemented with or without M. oleifera leaf meal (MOLM) on carcass yield, digestive organ size and 
gizzard erosion score of broilers at 35 d of age  
Yield, % of BW  
 
Dietary treatments 
T1 T2 T3 T4 T5 
      Chilled carcass weight  64.65
b
 ± 0.483 63.63
b
 ± 0.497 65.07
a
 ± 0.317 64.74
b
 ± 0.520 66.08
a
 ± 0.483 
Carcass dressing percentage 63.2
bc
 ± 0.46 62.0
c
 ± 0.49 63.3
b
 ± 0.29 63.4
b
 ± 0.53 64.7
a
 ± 0.48 
Thigh 14.1
ab
 ± 0.25 15.2
a
 ± 0.67 14.1
ab
 ± 0.19 13.8
b
 ± 0.55 14.1
ab
 ± 0.17 
Wing 7.1 ± 0.22 6.8 ± 0.23 7.1 ± 0.20 7.1 ± 0.32 6.9 ± 0.16 
Drumstick 7.2
b
 ± 0.17 7.2
b
 ± 0.07 7.3
ab
 ± 0.10 7.8
a
 ± 0.38 7.5
ab
 ± 0.22 
Breast 21.4 ± 0.39 20.6 ± 0.49 21.4 ± 0.36 21.6 ± 1.05 21.2 ± 0.27 
Liver  2.2 ± 0.19 2.2 ± 0.22 2.2 ± 0.14 2.1 ± 0.11 2.4 ± 0.13 
Gizzard 1.4 ± 0.13 1.2 ± 0.12 1.3 ± 0.09 1.3 ± 0.06 1.3 ± 0.06 
Heart   0.4 ± 0.04 0.5 ± 0.05 0.5 ± 0.03 0.5 ± 0.04 0.5 ± 0.04 
Spleen 0.10 
 ± 0.011 
0.09 ± 0.010 0.10 ± 0.017 0.11 ± 0.033 0.11 ± 0.015 
Bursa  0.18
ab
 ± 0.016 0.14
b
 ± 0.007 0.19
ab
 ± 0.031 0.23
a
 ± 0.043 0.19
ab
 ± 0.027 
Gizzard erosion score 2.67
a
 ± 0.333 1.50
b
 ± 0.211 3.67
a
 ± 0.211 1.17
b
 ± 0.601 3.33
a
 ± 0.422 
a–c
 Means within the same row that do not share a common superscript are significantly different (P<0.05). T1, positive control, 668 
mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of MOLM at 1%, 3% and 5% of DM intake, respectively; and 
T5: a negative control diet with no supplementation.  
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Figure 3.3 Effect of diets supplemented with or without Moringa oleifera leaf meal on the 
dressing percentage of 35 d old broiler chickens at 45min, 24h and 36h post-mortem. T1, positive 
control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of MOLM 
at 1%, 3% and 5% of DM intake, respectively; and T5: a negative control diet with no 
supplementation. 
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There were no differences in heart size in this trial, although the birds on T4 tended to be 
affected more by flip-over than those in other treatments. According to Havenstein et al. (2003), 
with genetic selection, heart size as a percentage of live BW has decreased in reverse proportion 
to the increased growth rate and other growth related traits. Hence, there is a prevalence of flip-
over death from birds with rapid growth rates (Figure 3.2). The incident of high gizzard erosion 
in T1 and T5 birds compared to the treatments with MOLM supplementation is difficult to 
explain. The lack of ulceration in T2, T3 and T4 birds may be linked to the fibre content, as well 
as the effect of bioactive constituents in MOLM. Such morphological changes in gastrointestinal 
tissues, supposedly caused by plant feed additives may provide further information on possible 
benefits to the digestive tract (Windisch et al., 2008; Issa et al, 2012). Early development of the 
gut, supply organs such as the liver and heart, and skeleton are of high priority in supplying 
nutrients to the rest of the body to support later growth providing a frame on which muscle can 
accumulate (Zuidhof et al., 2006). In poultry, the liver is the primary site of fatty acid synthesis 
(McLeod, 1982), thus efficiency in the protein turnover and energy utilization across treatments 
may be attributed to its health status.  
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3.4  CONCLUSION 
More often the nutritional value of plant additives for poultry is limited by the presence of 
several anti-nutritional factors that interfere with feed intake and nutrient utilization. The results 
of the current study, however, indicate that supplementation of M. oleifera leaf meal by 1 to 5% 
of DM intake in the starter, grower and finisher diets, respectively, significantly improved feed 
efficiency, digestion and tissue accretion in broiler chickens in comparison with the positive and 
negative controls. However, future digestibility studies are necessary to measure nutrient flow 
and retention directly from digestive sites; and the maximum inclusion level and mode of action 
of various bioactive compounds of MOLM in broilers remains to be defined. 
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CHAPTER 4 
Effect of Moringa oleifera leaf meal supplementation on intestinal morphology and pH of 
broiler chickens 
 
Abstract  
Intestinal morphology and pH of digester of broiler chickens at 35 days of age was studied. 
Dietary treatments, including experimental design and growth performance parameters are 
described in detail in Chapter 3. Birds in T3 had the highest stomach digester pH (P < 0.05), and 
the lowest was in T5 birds. Birds that were supplemented with MOLM, and surprisingly those 
from the negative control had significantly higher caecal digester pH (P < 0.05); while T1 had 
the highest ileal digester pH (P < 0.05). Duodenal villous length was longest (P = 0.002) in T2, 
while T4 had the shortest. Jejunal villous length was longest in T3 and shortest in T2 birds (P = 
0.001). Treatment 3 and 4 jejunal villi were widest, with T1 birds having the shortest (P < 
0.0001). Ileal villous was longest in T2 and T5 birds; while T3 birds had the shortest. Duodenal 
surface area for absorption was larger in T2 and T5; and smaller in T4 (P < 0.0001); while T3 
had the largest ileal surface area; T1 having the smallest (P = 0.052). The jejenal surface area 
was largest (P < 0.0001) in T3 (53.2) and T4 (50.7), and smallest in T1 (25.0). The current 
results reveal a regulatory effect of MOLM on the gastrointestinal tract, which could be 
attributed by the coarseness of the diets thus raising the pH and resulting in a thicker digester 
viscosity, a clear sign of a health gut. 
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4.1 INTRODUCTION 
Perceptions of consumers on raw and cooked meat quality have created significant interest in 
increasing the understanding of digestive physiology and the dynamics of the gut micro-flora 
(Dibner and Richards, 2005). Physiological studies have shown that a functional gastrointestinal 
tract is vital for digestion and absorption of nutrients required for the bird’s maintenance and 
growth (Mateos et al., 2002; Baurhoo et al., 2009). Access to feed and water immediately post-
hatch, accompanied by intake of exogenous feed stimulates rapid development and growth of the 
gastrointestinal tract, as well as its absorptive capacity; causing improvements in gut integrity 
and subsequent performance (Uni et al., 1998). Early development of the gastrointestinal tract, 
together with supply organs such as the liver and heart, as well as the skeletal system are of high 
priority in supplying nutrients to the rest of the body and the frame on which muscle accumulates 
(Zuidhof et al., 2006). The liver plays a pivotal role in lipid metabolism, facilitating triglyceride 
and cholesterol biosyntheses as very low density lipoprotein via the extraction of cholesterol 
from intestinal chylomicrons and excreting it back into the intestines with bile acids, thus 
clearing up plasma of low-density lipoproteins (Mbikay, 2012). The action of such organs in the 
upper digestive tract of poultry is crucial in degrading feed to a form that is accessible to 
intestinal digestion since birds do not have teeth to facilitate mechanical breakdown of feed upon 
ingestion (Rodgers et al., 2012).  
 
In mono-gastric animals, the dietary fibre content is the main substrate for bacterial fermentation 
because it cannot be hydrolysed by endogenous enzymes (Montagne et al., 2003). Qualitative 
and quantitative microbial colonisation begins soon after birth, and gradually develops with age, 
rendering the maternal intestinal flora and surroundings as the main bacterial proliferation 
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sources to the newborn digestive system (Fortun-Lamothe and Boullier, 2007; Steiner and 
Wegleitner, 2007). At this stage, this is a crucial process for all growing animal. Nevertheless, in 
commercially bred poultry the process of intestinal micro-flora development is delayed due to 
the absent natural contact between chicks and mother hens (Applegate et al., 2010). 
Consequently, the digestive tract becomes burdened with distinguishing between nutrients and 
non-pathogenic micro-organisms from harmful micro-organisms, while ensuring a good nutrient 
absorption, but with the exclusion of digestive micro-organisms, harmful and non harmful 
(Fortun-Lamothe and Boullier, 2007; Leaphart and Tepas III, 2007).  
 
Recently, a number of additives derived from plants, are reported to contain aromatic properties 
that have an impact on gut micro-flora, nutrient digestibility, intestinal morphology and meat 
quality of poultry, as with antibiotic growth promoters (Cross et al., 2007). Moringa oleifera 
Lam (Moringaceae) is documented to have an impressive range of medicinal uses, including 
growth promotion, antimicrobial and antioxidant effects (Mbikay, 2012; Chapter 3). The 
nutritional profile of its fresh and dried leaves is reported to contain high levels of lipids and 
essential amino acids important in poultry productivity (Moyo et al., 2012); and selenium, a 
constituent of the cytosolic enzyme glutathione peroxidase.  Glutathione is one of the most 
important antioxidants in the body and of significant importance for the digestive tract, 
gastrointestinal mucosa and liver (Bengmark, 1996). The objective of this experiment was to 
determine the effects of dietary additive supplementation of Moringa oleifera leaf meal on 
intestinal morphology and digester pH of broiler chickens.   
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4.2 MATERIALS AND METHODS 
4.2.1 Preparation of M. oleifera leaf meal and dietary treatments 
The preparation of M. oleifera leaf meal and experimental diets is described in Chapter 3.  The 
ingredient, nutrient and mineral composition of dietary treatments is shown in Table 3.1, 3.2 and 
3.3, respectively. 
 
4.2.2 Bird management and experimental design 
This section, including recording of growth performance parameters is also described in detail in 
Chapter 3. 
 
4.2.3 Measurement of intestinal digester pH  
At 35 days of age, 12 birds were randomly selected per treatment, 2 per replicate and fasted for 6 
hours with water offered ad libitum. Bodyweight (BW) was recorded per bird before they were 
electrically stunned at 70 volts and sacrificed by cervical dislocation. After bleeding, scalding, 
plucking and washing, the feet, head and neck were removed. Carcasses were then eviscerated 
manually, cutting the neck and through the respiratory system, removing the oesophagus, the 
visceral organs and the small intestines. A pH meter probe was inserted into the distal sections of 
the stomach, duodenum, jejunum, ileum and cecum to determine pH levels.  Digestive organs 
were then weighed individually, and yield was calculated and expressed as percentages of 
bodyweight. 
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4.2.4 Histological analysis 
For general histology, the duodenum, jejunum and ileum were collected and were flushed with 
formalin until required for use. Three cross-sections measuring 1 to 2 mm thick for each sample 
were prepared and enclosed in tissue cassettes. The tissues were fixed in 10% neutral buffered 
formalin over 24 h. For each intestinal segment, a 2-µm section was placed onto a glass slide and 
stained with hematoxylin and eosin for histological analysis. Slides were viewed on the Motic 
Stereomicroscope Camera (SMZ-168 series), and morphometric measurements of the villous 
height (µm) and villous width (µm) were taken. For each parameter, 6 replicate measurements 
were taken per treatment and the average of these values was used in statistical analysis. The 
surface area for absorption was calculated as follows: [(intestinal portion width ÷ 2 × intestinal 
portion length]. 
 
4.2.5 Statistical analysis 
The data on intestinal morphology (villous length, width and surface area) and pH was analysed 
using the analysis of variance (ANOVA) of SPSS 20 (2011). Differences between treatment 
means were tested according to Duncan's Multiple Range Test of SPSS. Data was presented as 
the least square means with standard errors.  
The model used was: Yij = μ + αi + eij 
Where Yij = response variable, μ = the common mean, αi = the effect of dietary treatment (T1, 
T2, T3, T4 and T5) and eij = the random error. Differences were considered to be significant at P 
< 0.05.  
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4.3 RESULTS AND DISCUSSION 
4.3.1 Intestinal digester pH  
The different segments of the digestive system had significantly different digester pH levels; 
however, MOLM supplementation did not seem to have had much effect except for the stomach, 
caecum and jejunum (Table 4.1). For instance, the stomach of T3 birds had the highest digester 
pH (3.9 ± 0.26), while T5 birds had the lowest (3.1 ± 0.24). Birds in T4 (6.6 ± 0.03), which had 
higher MOLM supplementation levels and T5 (6.6 ± 0.06), the negative control, had the highest 
caecal digester pH, while birds in T1 had the lowest (6.1 ± 0.09). On the other hand, the ileal 
digester from T1 birds had the highest pH levels (6.6 ± 0.12), and the lowest digester pH levels 
were obtained in birds that were fed T3 diets (5.7 ± 0.35). Similarly, the lowest pH levels in the 
jejunum were found in the digester of T5 birds, with highest levels were observed in T2 (6.0 ± 
0.13), followed by T4 (5.9 ± 0.13). On the contrary, the duodenal pH was highest in T5 (5.7 ± 
0.24), the negative control birds, and lowest in (5.2 ± 0.14).  
 
For thorough digestion and absorption to occur in the gizzard, it is necessary that the digester is 
adequately ground and mixed in the gizzard, thus influencing duodenal digester pH (Lou et al., 
2010). Noteworthy, were the significantly high pH levels in the digester from the caecum and 
duodenum of T5 birds. According to Rodgers et al. (2012), birds given first access to fibre-rich 
diets, take time to adapt to the feed; however, this changes once the gizzard has properly 
developed, allowing birds to take full advantage of coarse feeds, thereby increasing their energy 
utilization efficiency. This may have been the case with birds that were supplemented with 
MOLM, as observed in the digester pH of different digestive segments.  
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Table 4.1 Least square means (± SE) on the effects of diets supplemented with or without Moringa oleifera leaf meal on 
intestinal digester pH of broiler chicken at 35 d of age. 
Intestinal portion Dietary treatments P-value 
T1 T2 T3 T4 T5  
      
 
Stomach 3.7
ab
 ± 0.34 3.3
ab
 ± 0.24 3.9
a
 ± 0.26   3.7
ab
 ± 0.23 3.1
b
 ± 0.24  0.048 
Duodenum 5.3
ab
 ± 0.14 5.6
ab
 ± 0.07 5.2
b
 ± 0.14 5.6
ab
 ± 0.11 5.7
a
 ± 0.24 0.047 
Jejunum 5.7
ab
 ± 0.09 6.0
a
 ± 0.13 5.7
ab
 ± 0.07 5.9
ab
 ± 0.13 5.5
b
 ± 0.24 0.044 
Ileum 6.6
a
 ± 0.12 6.1
ab
 ± 0.21 5.7
b
 ± 0.35 5.9
ab
 ± 0.31 6.3
ab
 ± 0.23 0.021 
Caecum 6.1
b
 ± 0.09 6.4
a
 ± 0.10 6.5
a
 ± 0.14 6.6
a
 ± 0.03 6.6
a
 ± 0.06 0.003 
a–b
 Means within the same row that do not share a common superscript are significantly different (P<0.05). T1, positive control, 668 
mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of MOLM at 1%, 3% and 5% of DM intake, respectively; and 
T5: a negative control diet with no supplementation. 
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Noteworthy, was the softer feeling detected when the stomach of T1 birds was palpated, an 
indication of fines in their diet. This observation was surprising as the dietary composition of T1 
and T5 was not different, except for the antibiotics in the positive control, T1. Plant derived 
additives have been speculated to stimulate the secretion of saliva and digestive enzymes, which 
stimulates nutrient utilisation efficiency (Steiner, and Wegleitner, 2007). This is an effect that is 
sort after when broilers are supplemented with additional wheat, a feeding practice aimed at 
regulating the gastrointestinal system of the chicken through the fibre, thus enhancing bird 
performance.  
 
4.3.2 Small intestinal morphology  
4.3.2.1 Villous length  
Table 4.2 and Figure 4.2, respectively, show the dietary treatment effects on the villi length 
width and surface area of the duodenum, jejunum and ileum. The gastrointestinal tract undergoes 
morphological changes, which include the increase in intestinal length, villous height and 
density, accompanied by an increase in pancreatic and digestive enzymes increasing the surface 
area for digestion and absorption during the post-hatch period (Panda et al., 2006). Duodenal 
villous length was the longest (28.4 ± 1.54) for T2 birds, while T4 (19.9 ± 0.84) birds had the 
shortest duodenal villous. It was surprising to note that the duodenal length shorter with the 
increase in MOLM supplementation. For the jejunum, villous length was longest in T3 birds 
(22.3 ± 0.67), followed by T4 (20.7 ± 1.12), and was shortest in T2 (16.6 ± 0.72).  Generally, 
long villi are correlated with improved gut health and an increase in duodenal and jejuna height 
or length (Baurhoo et al., 2007).  
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Figure 4.1 Effects of diets supplemented with or without Moringa oleifera leaf meal on the 
villi length of broiler chicken at 35 d of age. T1, positive control, 668 mg Zinc Bacitran, 500 mg 
Albac; T2, T3 and T4 contained graded levels of MOLM at 1%, 3% and 5% of DM intake, 
respectively; and T5: a negative control diet with no supplementation. 
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Apparently, rapid increases in the villous height and surface area occur at different rates in 
different chick intestinal segments, reaching a plateau at 6 to 8 days in the duodenum and after 
10 days in the jejunum and ileum (Uni et al., 1996). Therefore, birds whose GIT was stimulated 
earlier on in life will show better response to growth performance and nutrient utilisation 
efficiency. Dietary addition of short chain carbohydrates, found in glycoside attachments in M. 
oleifera leaves have been reported to cause a major increase in the height of the jejuna villi when 
compared with AGP and AGP-free diets (Baurhoo et al., 2007). The increase of villous height of 
different small intestine segment may be attributed to the role of the intestinal epithelium as a 
natural barrier against pathogenic bacteria and toxic substances that are present in the intestinal 
lumen (Paul et al., 2007).  
 
4.3.2.2 Villous width 
Table 4.2 and Figure 4.2 show the dietary treatment effects on the villous width of the 
duodenum, jejunum and ileum. As shown in Table 4, no significant treatment differences were 
observed on the width of the duodenum villous. Birds in T3 and T4 had the widest jejunal 
villous, with T1 birds having the narrowest or thinnest villous width. Narrowing of the villous is 
often associated with food passage or diseases; however in this case the observed effect could be 
due to the inclusion of antibiotics and possible the fineness of the feed in T1. Narrow or thinner 
villous width, as observed in T1 does not necessarily mean that they are weak or more 
susceptible to breakage and contamination of carcasses during processing (Miles et al., 2006). In 
T1 birds, however, the antibiotic effect may not be ruled out in reducing the villi properties. 
Miles et al. (2006) reported the smallest total villous area and shortest villous height and crypt 
depth in the ileum in chicks that were supplemented with the antibiotic virginiamycin. 
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Figure 4.2 Effects of diets supplemented with or without Moringa oleifera leaf meal on villi 
width of broiler chicken at 35 d of age. T1, positive control, 668 mg Zinc Bacitran, 500 mg 
Albac; T2, T3 and T4 contained graded levels of MOLM at 1%, 3% and 5% of DM intake, 
respectively; and T5: a negative control diet with no supplementation. 
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4.3.2.3 Villous surface area 
Treatment effects on villi surface areas of the duodenum, jejunum and ileum are shown in Table 
4.2 and Figure 4.4. The finger-like projections called villi greatly expand the surface area of the 
intestinal lining (mucosa), which in the avian gut exist throughout the length of the small and 
large intestine, steadily decreasing in height along the way (Hoerr, 2001). In the current study the 
duodenal surface area for absorption was largest in T2 and T5; with T4 having the smallest 
duodenal surface area. The ileal villous surface area was largest in T3 birds, while T1 had the 
smallest ileal surface area. Intestinal villous height, width and surface area in the current study 
tended to increase with the increase in MOLM supplementation. The enhanced growth 
performance (Chapter 3) observed in birds that were supplemented with MOLM is directly 
related to the improved intestinal morphology and villous surface area. Baurhoo et al. (2007) 
reported improved gut integrity, as measured by changes in villi height, goblet cell number, and 
populations of the beneficial bacteria, lactobacilli and bifidobacteria, in the ceca of chicks that 
were fed fibre-rich diets. Furthermore, although the fibre in MOLM supplemented diets was too 
low to affect dietary composition, a possibility exists that the response (Chapter 3) may be due to 
its stimulation of yolk utilisation, increased intestinal development, as well as long term 
metabolic effects (Noy and Sklan, 1998). It is also possible that the presence of short chain 
monosaccharide in M. oleifera leaves was the main component that functioned as a competitive 
attachment site for pathogenic bacteria, carrying them out of the gut rather than binding to the 
intestine, thus enhancing the growth of beneficial gut micro-flora (Griggs and Jacob, 2005). 
Moreover, the fluid in the upper small intestine plays a protective role keeping pathogenic 
bacteria in suspension and washing them downstream, while encouraging proliferation of growth 
enhancing bacteria (Hoerr, 2001). 
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Figure 4.3 Effects of diets supplemented with or without Moringa oleifera leaf meal on 
surface are of broiler chicken at 35 d of age. T1, positive control, 668 mg Zinc Bacitran, 500 mg 
Albac; T2, T3 and T4 contained graded levels of MOLM at 1%, 3% and 5% of DM intake, 
respectively; and T5: a negative control diet with no supplementation. 
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Table 4.2 Least square means (± SE) on the effects of diets supplemented with or without Moringa oleifera leaf meal on small 
intestine morphology of broiler chicken at 35 d of age. 
Intestinal portion Dietary treatments P-value 
T1 T2 T3 T4 T5  
 
     
 
Villous length (µm) 
     
 
Duodenum 26.4
a
 ± 1.52 28.4
a
 ± 1.54 21.2
b
 ± 1.89 19.9
b
 ± 0.84 26.3
a
 ± 0.46   0.002 
Jejunum 18.7
bc
 ± 0.90 16.6
c
 ± 0.72 22.3
a
 ± 0.67 20.7
ab
 ± 1.12 20.4
ab
 ± 0.35 < 0.001 
Ileum  6.4
c
 ± 0.54 12.1
a
 ± 0.93 7.5
c
 ± 0.42 12.0
a
 ± 0.23 9.9
b
 ± 0.32 < 0.0001 
 
     
 
Villous width (µm) 
     
 
Duodenum 3.8 ± 0.34 4.2 ± 0.12 4.2 ± 0.34 4.2 ± 0.19 4.6 ± 0.29 0.481 
Jejunum 2.7
c
 ± 0.25 3.5
b
 ± 0.18 4.8
a
 ± 0.26 4.9
a
 ± 0.18 4.3
a
 ± 0.27 < 0.0001 
Ileum  3.5
b
 ± 0.39 4.8
a
 ± 0.51 3.1
b
 ± 0.37 3.9
ab
 ± 0.23 4.8
a
 ± 0.35 0.019 
 
     
 
Villous surface area (µm) 
     
 
Duodenum 51.1
ab
 ± 7.10 59.6
a
 ± 4.16 43.9
b
 ± 4.94 41.8
b
 ± 3.53 59.7
a
 ± 3.64 0.052 
Jejunum 25.0
c
 ± 1.64 28.9
c
 ± 2.37 53.2
a
 ± 2.65 50.7
ab
 ± 4.25 43.6
b
 ± 2.54 < 0.0001 
Ileum  11.0
b
 ± 1.68 29.6
a
 ± 5.01 11.5
b
 ±   1.10 23.3
a
 ± 1.14 23.6
a
 ± 1.49 < 0.0001 
a–c
 Means within the same row that do not share a common superscript are significantly different (P<0.05). T1, positive control, 668 
mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of MOLM at 1%, 3% and 5% of DM intake, respectively; and 
T5: a negative control diet with no supplementation. 
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4.4 CONCLUSION 
The length and width of the villi per unit area all contribute to absorptive capacity of the 
intestinal segments. The current results show that additive supplementation of MOLM up to 5% 
of the bird’s dry matter intake has an ability to improve the morphology of the intestinal 
segments, and also the viscosity of the digester. The MOLM supplemented birds had longer villi 
than birds in the control groups. The ability of birds to efficiency utilize a feed is measured by 
the response of the villous to the feed form. In this instance, the supplementation of MOLM 
reduced the fineness of the diets, thus increasing the surface area for absorption in respective 
small intestinal segments. This is a reflection of a regulatory effect of MOLM on the 
gastrointestinal tract, which is also substantiated by the high pH. The enhanced growth rate 
obtained in bird that were fed MOLM supplemented diets may be due to efficient yolk 
utilisation, increased intestinal development, as well as long term metabolic effects stimulated by 
the fibre from Moringa oleifera leaves. It is not clear however, as to why the antibiotic effect in 
T1 was not manifested in intestinal morphology and digester pH. In reality, however, the present 
study was conducted under good hygienic conditions, that is, strict bio-security measures, clean 
litter, good ventilation, and low stocking densities; thus implying birds may not have required 
any feed additive for maximum productive response, as there was minimum bacterial 
proliferation. It would be recommended however, to conduct digestibility studies from when 
birds are 7 days of age until slaughter, to measure the intestinal passage of feed and/or retention 
period, as well as analyse for chemical composition of the digester and measure size of the 
intestinal segments. This will give a more detailed understanding of M. oleifera leaf meal 
digestibility in chick at all growth stages.  
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CHAPTER 5 
Effect of Moringa oleifera leaf meal supplementation on bone breaking strength, tibia 
morphology and inorganic content of broiler chickens 
Abstract  
Effects of additive supplementation of Moringa oleifera leaf meal (MOLM) on bone breaking 
strength (BBS), tibia bone morphology and inorganic ash content was assessed in broiler 
chickens at 35 days of age. Dietary treatments, including experimental design and growth 
performance parameters are described in detail in Chapter 3. Six left and right tibiae were 
randomly chosen from each T, without being de-fleshed, were individually sealed in plastic bags 
to minimize moisture loss, and were stored at −18°C for BBS and tibia ash determination, as 
well as the analyses of its calcium (Ca) and phosphorus (P) composition. Although there was no 
T effects on tibia weight (TW), T1 tibiae were the lightest, even the dried weight (DW). Tibiae 
length (TL) was highest in T2 and lowest in T4 (P < 0.05). The DW was heaviest (P < 0.05) in 
T3 and lowest in T1. A positive correlation (r = 0.667; P < 0.01) between TW and DW was 
observed.  Even though there were no T effects on BBS, TI tibiae had the highest resistance to 
breaking force (T1 > T4 > T3 > T2 > T5).  Calcium was highest (P < 0.05) in T1; and lowest in 
T2 and T5. Phosphorus levels were lowest (P < 0.05) in T1 and highest in T5. The highest (P < 
0.05) Ca: P ratio was obtained in T4. Ash % was highest (P < 0.05) in T1. The positive 
correlation observed between BW, TW and TL; and the high P, Ca and ash levels in tibiae from 
MOLM supplemented birds depicts the genetic relationship that exists among these parameters. 
Furthermore, it reveals the effectiveness of MOLM supplementation to enhance nutrient 
utilization efficiency and bioavailability and support bone strength.   
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5.1 INTRODUCTION 
In addition to digestibility and the efficiency of feed utilisation (Chapter 3) and gut health 
(Chapter 4), bone characteristics are of paramount importance in broiler production. The bone is 
a living tissue, a composite material of 30% organic matrix and 70% hydroxyapatite composed 
mainly of calcium and phosphorus in the weight ratio of 2.15:1 (Whitehead, 2007). Both bone 
ash content and bone breaking strength are important parameters most commonly used to assess 
the bioavailability for calcium and phosphorus (EMFEMA, 2002; Shaw et al., 2010). The actual 
weight of the tibia ash, however, has been found to be a more sensitive indicator of the amount 
of available calcium and phosphorus in the diet (Hall et al., 2003). In modern meat-type 
chickens, bone strength and development is closely linked to the expression of genetic potential 
for maximum lean muscle deposition (Williams et al., 2004). The increase in dry bone weight 
and mineral content per unit bone length responds to mechanical forces placed upon the bone 
(McDevitt et al., 2006; Whitehead, 2007; Talaty et al., 2009a). Skeletal integrity of broiler 
chickens has become a welfare and economic concern (Williams et al., 2004; Almeida Paz and 
Bruno, 2006). Weak bones are an undesirable trait in growing broiler flocks, that has been linked 
to 1.1% mortality of birds, and an additional 2.1% condemnation or downgrading of carcasses 
during processing (Onyango et al., 2003; Talaty et al., 2009b).  
 
Selected broilers are more sensitive to imbalances in mineral supply in their diets (McDevitt et 
al., 2006). Major ingredients in poultry diets are of plant origin with approximately 60-80% of 
phosphorus being in the form of phytic acid or phytate; rendering it bio-unavailable (Foidl et al., 
2001). Phytate is known to complex with other nutrients, implying that the unavailable phytate 
phosphorus and nutrients complexed with it cannot be utilized and are instead excreted 
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(Kornegay, 1999). A high molar Ca: phytate ratio in the diet may lead to the formation of 
extremely insoluble Ca-phytate complexes under intestinal conditions, making the phytate 
molecule inaccessible to the phytase enzyme (Kornegay, 1999). Inadequate dietary sources of 
calcium result in blood hypocalcemia, leading to reduced bone strength and mineralization 
(Talaty et al., 2009). Typically, supplementation of the phytase enzyme in grain based poultry 
diets has become common practice to increase phosphorus bioavailability by 25 – 50% and 
reduce phosphorus excretion by 15 – 40%; and ensure proper growth and bone development 
(Harter-Dennis, 1999; Onyango et al., 2006; Coon and Manangi, 2008).   
 
Nutritional characterization of dried M. oleifera leaves revealed much lower levels of calcium, 
phosphorus, and magnesium contents of 3.65%, 0.3% and 0.5%, respectively (Moyo et al., 
2011). Fresh M. oleifera leaves have calcium and phosphorus contents of 440 mg and 70 mg / 
100 g, respectively (Joshi and Mehta, 2010); and up to 21g/kg phytate (Makkar and Becker, 
1997). Absorption and homeostasis of these minerals depends on the ratio in which they occur in 
the diet, with maximum absorption obtained by a 2Ca:1P often met by supplying 10g Ca and 
4.5g available P/kg in the broiler starter diet as recommended by the NRC (1994). This process is 
strongly regulated by vitamin D, which has a clear impact on leg health, bone development and 
metabolism – even though under commercial conditions its deficiency is seldom encountered its 
requirements increase substantially as dietary Ca: P ratio deviates from the ideal (Whitehead, 
2007).  The current study was designed to evaluate whether M. oleifera leaf meal would improve 
the bone breaking strength (BBS), tibia morphology and tibia ash weight when supplemented in 
broiler diets as a natural plant additive.  
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5.2 MATERIALS AND METHODS 
5.2.1 Preparation of M. oleifera leaf meal and dietary treatments 
The preparation of M. oleifera leaf meal and experimental diets is described in Chapter 3.  The 
ingredient, nutrient and mineral composition of dietary treatments is shown in Table 3.1, 3.2 and 
3.3, respectively. 
 
5.2.2 Bird management and experimental design 
This section, including recording of growth performance parameters is also described in detail in 
Chapter 3. 
 
5.2.3 Slaughter procedure and sampling 
Details on the slaughter procedure are found in Chapter 3. 
 
5.2.4 Bone breaking strength 
The left and right tibiae from 6 birds per treatment were randomly chosen, without being de-
fleshed were individually sealed in plastic bags to minimize moisture loss, and were stored at 
−18°C for the analysis of calcium and phosphorus composition and determination of bone 
strength. When ready for use, tibiae were defrosted at 4°C overnight. After thawing, they were 
de-fleshed and cleaned of all tissue, including cartilage caps (periosteum) by hand, and weighed. 
The length (cm) of each bone was determined with a ruler. The breaking strength of each tibia 
was determined using an Instron 4502 material testing machine with default specimen 
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dimensions setup as circular geometry, 10mm diameter, an anvil height of 30 mm and a 
crosshead speed of 50 mm/min. Vertical hydraulic force was applied at the midpoint of the bone 
shaft to minimize splintering. The load, defined as force (Newton, N) of cross-sectional area, 
represented bone strength, while the modulus measured rigidity, as related to stress and strain.  
 
5.2.5 Ash weight determination 
Sheared tibiae pieces were collected and dried at 100°C for 24 hours, cooled in a desiccator, and 
were defatted by soaking in 200mL anhydrous ether for 24 h removing moisture, as well as both 
polar non-polar lipids. The dried fat-free bones were weighed, then ashed in a muffle furnace 
overnight at 600 C; the ash was weighed. Tibiae were analyzed for Ca and P composition. 
Percentage of tibia ash was calculated as follows: [(tibia ash weight ÷ tibia dry weight) × 100]; 
and tibia ash index was calculated as [tibia ash percentage ÷ tibia length]. 
 
5.2.6 Statistical analysis 
The morphological, physical and chemical data were subjected to analysis of variance (ANOVA) 
using SPSS (2011) to determine the effect of dietary treatments. Duncan’s multiple range tests 
was used to compare treatment means. Data was presented as the least square means with 
standard error. The BW, BBS, TW, DW and tibia ash mineral content (Ca and P) were regressed 
against tibia ash percentage. Differences were considered to be significant at P < 0.05. The 
model used was: Yij = μ + αi + eij 
Where Yij = response variable, μ = the common mean, αi = the effect of dietary treatment (T1, 
T2, T3, T4 and T5) and eij = the random error.  
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5.3 RESULTS AND DISCUSSION 
5.3.1 Bodyweight and bone morphology 
The effects of different dietary treatments (T) on bodyweight (BW) at 6 weeks of age, bone 
breaking strength and tibia characteristics (weight and length) before and after drying and 
removal of fat are shown in Table 5.1. The effects of dietary treatments (T) on bodyweight 
(BW), feed intake (FI), average daily gain (ADG) and feed conversion ratio or feed: gain (FCR) 
were discussed in detail in Chapter 3. There were no differences in BW at placement and at d 35, 
however, from d 7 to 28, birds on T4 had the highest BW (P < 0.05), while T1 had the lowest. 
Similarly, from d 1 to 28, birds on T4 had the highest (P < 0.05) ADGs, and were lowest in T1. 
There were no significant dietary effects (P > 0.05) in FI in the periods (0 to 7 d), (15 to 21 d) 
and (28 to 35 d), however, from d 8 to 14, FI was highest (P < 0.05) in T4 birds and lowest in T1 
birds; while on d 22 to 27 it was the T1 birds that had the highest (P < 0.05) FI, and the lowest in 
T5.  
 
There were no significant differences observed on tibia weight (TW) among treatment groups, 
but T1 tibiae were the lightest, even after drying. Tibiae from T2 birds were found to have the 
longest, while T4 had the narrowest (P < 0.05). Although no treatment effects were in the 
TW/TL ratio, it was highest in T3, T4 and T5; and at its lowest in T1.  The dried defatted tibiae 
(DW) were heaviest in T3 (11.20 ± 0.347) and lowest in T1 (9.44 ± 0.562) birds (P < 0.05). A 
depression in both BW and tibia ash has been reported in diets with lowest available P and 
increased Ca levels, without phytase supplementation (Yan et al., 2006).  
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TABLE 5.1 Least square means (± standard errors) of tibia characteristics of broilers (35 d) fed diets supplemented with or without 
M. oleifera leaf meal (MOLM) 
Variable (n = 6) Dietary treatments 
T1 T2 T3 T4 T5 
      
TL (cm) 9.8
ab
 ± 0.09 10.0
a
 ± 0.04 9.9
ab
 ± 0.01 9.6
b
 ± 0.04 9.8
ab
 ± 0.25 
TW (g) 10.0 ± 0.60 11.1 ± 0.46 11.7 ± 0.79 11.4 ± 0.86 11.6 ± 0.35 
DW (g) 9.4
b
 ± 0.56 10.5
ab
 ± 0.49 11.2
a
 ± 0.35 10.7
ab
 ± 0.62 11.1
a
 ± 0.33 
LW (g) 2.4
b
 ± 0.74 5.0
a
 ± 0.26 5.8
a
 ± 0.22 5.5
a
 ± 0.24 5.7
a
 ± 0.13 
TW/TL (g/cm) 1.0 ± 0.06 1.1 ± 0.05 1.2 ± 0.08 1.2 ± 0.09 1.2 ± 0.04 
Tibia ash index 5.0 ± 0.09 4.9 ± 0.03 4.9 ± 0.05 5.0 ± 0.02 4.9 ± 0.12 
BBS (N) 395.0 ± 38.83 346.9 ± 41.26 371.9 ± 24.75 375.8 ± 34.09 338.3 ± 22.86 
a,b,c,d,e
Means within a row with no common superscript differ significantly (P < 0.05). T1, positive control, 668 mg Zinc Bacitran, 500 
mg Albac; T2, T3 and T4 contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM intake, respectively; and 
T5: a negative control diet with no supplementation. TW = tibia weight, TL = tibia length, DW = Dried defatted tibia weight, LW = 
loss in tibia weight, BBS = bone breaking strength. 
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Figure 5.1 Least squares mean ± SEM of tibia weight (TW) and tibia length (TL) ratio of 
broilers (35 d) fed diets supplemented with or without M. oleifera leaf meal (MOLM). T1, 
positive control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of 
M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM intake, respectively; and T5: a negative 
control diet with no supplementation. 
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Similarly, non-phytate phosphorus was reported to increase total gain and improve tibia breaking 
strength at 4 week of age when its dietary concentration was 0.5% in comparison with a diet 
containing only 0.35% (Shaw et al., 2010). In instances where phytase is supplemented, the 
higher body weight gain may be attributable to an increase in P availability and, maybe feed 
intake (Rao et al., 1999). All basal diets in the current study were formulated to contain 0.5% P, 
and there were no variations in P concentration between treatments, thus making it difficult to 
explain the improved performance. Nonetheless, bioactive compounds in M. oleifera leaves have 
been reported to have a regulatory effect on the bird’s GIT, resulting in improved nutrient 
utilization efficiency (Mbikay, 2012).   
 
5.3.2 Bone breaking strength 
The bone breaking strength (BBS) as influenced by the different dietary treatments is shown in 
Table 5.1 and Figure 5.2; while the Pearson correlations (r) between tibia characteristics and 
linear regression between BBS and ash are shown in Tables 5.3 and 5.4, respectively. Even 
though there were no dietary treatment effects on BBS, tibiae from birds that were offered T1 
diets showed the highest resistance to breaking force as compared to other treatments in the 
following trend: T1 > T4 > T3 > T2 > T5. Both bone ash content and bone breaking strength are 
important parameters most commonly used to assess the bioavailability for calcium and 
phosphorus (EMFEMA, 2002; Shaw et al., 2010). Inadequate dietary sources of calcium result in 
blood hypocalcemia, leading to reduced bone strength and mineralization (Talaty et al., 2009). In 
contrast, this may not have been the case in the current study, since there were no variations in 
the Ca levels of experimental diets (Table 2).  Selected broilers generally, are more sensitive to 
imbalances in mineral supply in their diets (McDevitt et al., 2006).  
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Figure 5.2 Least squares mean and standard errors of bone breaking strength (BBS) of broilers 
(35 d) fed diets supplemented with or without M. oleifera leaf meal (MOLM). T1, positive 
control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of M. 
oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM intake, respectively; and T5: a negative 
control diet with no supplementation. 
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5.3.3 Tibia ash content  
As shown in Table 5.2 and Figure 5.3, respectively; tibia ash % was highest in T1 (P < 0.05), and 
lowest in T5; whereas the tibia ash weight was highest in T4 and lowest in T5.  The effect of the 
poor tibia ash % in T5 is reflected in the BBS, which may be attributed to the absence of the 
antibiotic effect in that diet; because, in as much bone weight lost was high as a consequence of 
drying, the loss was as higher in all MOLM supplemented treatments. In view of the Ca and P 
levels in T1 and T4, including their Ca: P ratios, it is unlikely that low systemic mineral 
concentrations are the reason for the observed lower bone ash content in T4 and T5 (Williams et 
al., 2004). Moreover, in as much as certain feedstuffs used in the formulation broiler diets have 
phytate, the response observed in T5 is not clear, because MOLM supplemented diets are 
supposedly ought to have had extra phytate. Thus the accompanying low ash content and BBS 
seen in this study does suggest poor mineral availability and utilization efficiency as a cause in 
birds fed the negative control diet, T5. However, in MOLM supplemented diets, it may be 
speculated that either the bioavailability of Ca and P was limited or that birds had a problem 
utilizing the minerals quickly enough because of their rapid growth rate (Williams et al., 2000). 
The actual weight of tibia ash has been found to be a more sensitive indicator of the amount of 
available calcium and phosphorus in the diet (Hall et al., 2003). The normal content of starter 
diets is about 10 g Ca and 4.5 g available P/kg diet (NRC, 1994; Fleming, 2008).The ability bone 
architecture of an immature growing skeleton adapt to withstand loads placed on it was found 
genetically related, also with influences from whether feed is restricted or offered ad lib birds 
(Williams et al., 2004).  A similar observation reported by McDevitt et al. (2006) that dry bone 
weight and mineral content per unit length of modern broiler strains will increase directly 
proportional to the increase in bodyweight.  
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Table 5.2 Least square means (± standard errors) of tibia ash and mineral composition of broilers (35 d) fed diets supplemented 
with or without M. oleifera leaf meal (MOLM). 
Parameter (n = 6) Dietary treatments 
 T1 T2 T3 T4 T5 
      
Ca (%) 31.35
b
 ± 2.168 29.68
b
 ± 0.952 32.18
b
 ± 1.818 39.00
a
 ± 1.734 30.63
b
 ± 0.558 
P (%) 15.71
e
 ± 0.170 16.65
d
 ± 0.190 17.03
cbd
 ± 0.299 17.46
abc
 ± 0.232 18.12
a
 ± 0.274 
Ca: P (%) 2.00
ab
 ± 0.068 1.78
bc
 ± 0.062 1.90
bc
 ± 0.133 2.24
a
 ± 0.104 1.69
c
 ± 0.017 
Ash (%) 49.46
a
 ± 0.642 48.70
ab
 ± 0.170 48.29
ab
 ± 0.532 48.15
b
 ± 0.298 47.95
b
 ± 0.385 
Ash weight (g) 52.01
a
 ± 1.489 41.12
b
 ± 2.892 50.29
a
 ± 2.122 54.34
a
 ± 0.435 49.74
a
 ± 3.431 
a,b,c,d,e
Means within a row with no common superscript differ significantly (P < 0.05).T1, positive control, 668 mg Zinc Bacitran, 500 
mg Albac; T2, T3 and T4 contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM intake, respectively; and 
T5: a negative control diet with no supplementation. Ca = calcium, P = phosphorus. 
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Figure 5.3 Least squares means and standard errors of tibia ash content (%) from broilers (35 d) 
fed diets supplemented with or without M. oleifera leaf meal (MOLM). T1, positive control, 668 
mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of M. oleifera leaf meal 
(MOLM) at 1%, 3% and 5% of DM intake, respectively; and T5: a negative control diet with no 
supplementation. 
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5.3.4 Ca and P composition of tibiae bones 
Tibia Ca content highest (P < 0.05) in T1; with T2 having the lowest (Table 5.2 above). The 
highest tibia Ca content (P < 0.05) was noted in T4, with T2 having the lowest (39.0 ± 1.73 vs. 
29.7 ± 0.95). Similarly, T4 had the highest (P < 0.05) P concentration, and lowest in T1 (17.5 ± 
0.23 vs. 15.7 ± 0.17). The highest (P < 0.05) Ca: P ratio was obtained in T4 (2.24 ± 0.104) and 
was at its lowest in T5 (1.69 ± 0.017). The variations in bone ash Ca and P among treatments, 
bears no resemblance to the composition of these minerals in the diets (William et al., 2000). 
Major ingredients in poultry diets are of plant origin with approximately 60 – 80% of phosphorus 
being in the form of phytic acid, rendering it biologically unavailable, implying that it cannot be 
utilized, instead gets excreted to the environment (Kornegay, 1999; Foidl et al., 2001). As a 
result, in cases of P deficiency, it is unlikely that birds would respond to phytase 
supplementation, if Ca was also limiting (Yan et al., 2006).  
 
Critically, even though phytase was not added in the current study, a high molar Ca: phytate ratio 
in the diet has been reported to result in the formation of extremely insoluble Ca-phytate 
complexes under intestinal conditions, making the phytate molecule inaccessible to the phytase 
enzyme (Kornegay, 2009). This is particularly the case in weak acid or neutral pH conditions of 
the gastrointestinal tract of chickens (Pallauf and Rimbach, 1997). Nonetheless, absorption and 
homeostasis of dietary Ca and P is believed to be maximized at a dietary ratio of 2Ca:1P ratio 
(NRC, 1994; Whitehead, 2007). The mature bone mineral, however, is generally accepted to 
have a structure close to that of the calcium phosphate, hydroxyapatite, which has a molar Ca: P 
ratio of 1·67 to 1 (Williams et al., 2000). On the contrary, the current study shows a Ca: P ratio 
of 1.69 to 1 that resulted in both the lowest tibia ash and breaking strength.  
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Figure 5.4 Least squares mean and standard errors of tibia ash calcium (Ca) and phosphorus (P) 
contents from broilers (35 d) fed diets supplemented with or without M. oleifera leaf meal 
(MOLM). T1, positive control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained 
graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM intake, respectively; 
and T5: a negative control diet with no supplementation. 
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5.3.5 Correlation of BBS, tibia morphology and inorganic ash content to BW 
Tibia Ca was positively correlated with tibia ash percentage, tibia weight before and after drying, 
but not with BW, BBS, P content or tibia length (Table 5.3 and 5.4). The BBS was positively 
correlated to tibia ash percentage, tibia weight, tibia length and bone phosphorus content, but no 
significant differences (P < 0.05) were observed between these variables. In modern meat-type 
chickens, bone strength and development is closely linked to the expression of genetic potential 
for maximum lean muscle deposition (Williams et al., 2004). This implies that the increase in 
dry bone weight and mineral content per unit bone length responds to mechanical forces placed 
upon the bone (McDevitt et al., 2006; Whitehead, 2007; Talaty et al., 2009b). 
 
Phosphorus, on the other hand was positively correlated LW, TW, DW and TL; while it was 
negatively correlated and significantly different to tibia ash % (r = -0.499; P < 0.01). However, 
even though no correlation or linear relationships were observed between BW at 35 days of age 
and TW, DW or TL (Table 5.3 and 5.4), a positive correlation (r = 0.667) and a highly 
significant difference (P < 0.01) was observed between TW and DW.  Tibiae from birds in the 
positive control, T1, had the lowest (P < 0.05) loss in tibia weight following drying and fat 
removal from these bones, compared to birds that were supplemented with MOLM. Bone weight 
loss (TL) due to removal of moisture, polar and non-polar lipids was positively correlated and 
significantly different to TW (r = 0.563; P < 0.01) and DW (r = 0.700; P < 0.01).  Perhaps, the 
positive correlation observed between BW, dry bone weight and bone length depicts the genetic 
relationship that exists among these parameters.  
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Table 5.3 Pearson correlation coefficients (r) among tibia characteristics of broilers (35 d) fed diets supplemented with or without M. 
oleifera leaf meal (MOLM) 
  
BW TW DW LW TL BBS Ca P TW/TL 
Ash - 0.256 - 0.524
**
 - 0.434
*
 - 0.327 0.103 0.042 0.124 - 0.499*
 
- 0.532
**
 
BW  - 0.070
NS 
0.246
NS 
0.315 0.121 - 0.079 - 0.050
 
0.205
NS 
- 0.090
NS
 
TW   0.667
**
 0.563** - 0.055 0.216 0.213
 
- 0.098
NS 
0.977
**
 
DW     0.700** 0.038 - 0.172 0.357
 
- 0.016
NS 
0.632
**
 
LW     - 0.034 - 0.059 0.195 0.539** 0.551** 
TL      0.227 - 0.250
 
- 0.151
NS
 - 0.265
NS 
BBS         - 0.059
 
0.029
NS 
0.164
NS 
Ca           0.078
NS 
0.241
NS 
P             - 0.044
NS 
NS = non-significant, *P < 0.05, **P < 0.01, Ca = calcium, P = phosphorus, BW = bodyweight, BBS = bone breaking strength, TW = tibia weight, DW = Dried 
defatted tibia weight, LW = loss in tibia weight, TL = tibia length 
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Table 5.4 Linear relationship between tibia ash, bodyweight and tibia characteristics of broilers (35 d) fed diets supplemented 
with or without M. oleifera leaf meal (MOLM) 
Nutrient  
Equation R
2
 
Coefficient SE Sig. level 
 
 
Intercept x-variable Intercept x-variable 
 BW  y = 0.0024x + 2.049 0.868 3.012 - 0.017 0.600 0.012 NS 
BBS  y = 2.588x + 236.16 0.941 225.664 2.884 631.961 13.024 NS 
Ca y = 0.141x + 25.50 0.859 8.805 0.490 35.849 0.739 NS 
P y = 0.033x +  15.33 0.984 37.924 - 0.431 6.875 0.142 ** 
TW y = 0.054x + 8.479 
0.0088 
0.975 47.014 - 0.739 11.011 0.227 ** 
DW y = 0.042x + 8.488 0.936 34.150 - 4.486 9.243 0.190 * 
TL y = 0.010x + 9.134 0.903 8.460 0.028 2.453 0.051 NS 
NS: non-significant, *P < 0.05, **P < 0.01. Ca = calcium, P = phosphorus, BW = bodyweight, BBS = bone breaking strength, TW = 
tibia weight, DW = Dried defatted tibia weight, TL = tibia length 
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5.4 CONCLUSION 
Bone morphology and mineral density are two most important factors used to measure bone 
quality in relation to their support for muscle growth and development. As commercial meat-type 
chickens have been developed for improved growth and meat production, however the skeleton 
remains a potential weak link relative to providing physical support to heavier BW at a very 
young age. The increased TW, TL and Ca: P ratio shows a positive relationship between these 
traits, which is crucial to support the greater weights attained by these birds supplemented with 
MOLM. The high levels of BW, BBS and the Ca: P ratio could be a reflection of the nutritional 
attributes in MOLM to influence bone strength and inorganic composition of tibia bones even at 
such low additive levels. It would be necessary however, that in future studies metabolisability of 
both P and Ca is measured to have a clearly understanding of how much of these minerals is 
utilized by the bird, and at what rate, and also to quantify the excreted levels. It would also be 
informative to see if these are differences in utilization at graded levels of MOLM 
supplementation. 
 
 
 
 
 
 
 
 
 
  
126 
 
5.5 REFERENCES 
Almeida Paz, I. C. L. and Bruno, L. D .G. (2006). Bone mineral density: A review. Braz. J. 
Poult. Sci. 8: 69 – 73. 
Coon, C. N. and Manangi, M. K. (2008). Phosphorus Retention: Ca: P ratio, calcium particle 
size, and phytase for poultry. Proceedings of the “Midwest Poultry Federation 
Convention”, St. Paul, Minnesota, U.S.A.  
EMFEMA (2002). International Association of the European (EU) Manufacturers of Major, 
Trace and Specific Feed Mineral Materials. Bioavailability of major and trace minerals. 
Hall, L. E., Shirley, R. B., Bakalli, R. I., Aggrey, S. E., Pesti, G. M. and Edwards Jr., H. M. 
(2003). Power of Two Methods for the Estimation of Bone Ash of Broilers. Poult. Sci. 
82:414–418. 
Harter-Dennis, J. (1999). Phytase applications in commercial broiler diets in Maryland. 
Biotechnology in the feed industry: Proceeding of Alltech’s 15th Annual Symposium, Edited 
by Lyons, T.P. and Jacques, K.A. pp. 511 – 519. 
Fleming, R. M. (2008). Nutritional factors affecting poultry bone health. Proc. Nutr. Soc. 67: 
177–183. 
Foidl, N., Makkar, H. P. S. and Becker, K. (2001). The potential of Moringa oleifera for 
agricultural and industrial uses. What development potential for Moringa products? 
October 20th – November 2nd 2001. Dar Es Salaam. 
Kornegay, E. T. (1999). Feeding to reduce nutrient excretion: effects of phytase on phosphorus 
and other nutrients. Biotechnology in the feed industry: Proceeding of Alltech’s 15th Annual 
Symposium, Edited by Lyons, T.P. and Jacques, K.A. pp. 461 – 489. 
  
127 
 
Makkar, H. P. S. and Becker, K. (1997). Nutrients and anti-quality factors in different 
morphological parts of the Moringa oleifera tree. J. Agric. Sci. 128: 311-322. 
McDevitt, R. M., McEntee, G. M. and Rance, K. A. (2006). Bone breaking strength and apparent 
metabolisability of calcium and phosphorus in selected and unselected broiler chicken 
genotypes. Brit. Poult. Sci. 47: 613 – 621. 
Moyo, B., Oyedemi, S., Masika, P.J, and Muchenje, V. (2012). Polyphenolic content and 
antioxidant properties of Moringa oleifera leaf extracts and enzymatic activity of liver from 
goats supplemented with Moringa oleifera leaves/ sunflower seed cake. Meat Sci. 91: 441–
447. 
Onyango, E.M., Asem, E.K. and Adeola, O. (2006): Dietary cholecalciferol and phosphorus 
influence intestinal mucosa phytase activity in broiler chicks. Brit. Poult. Sci. 47: 632–639. 
Pallauf, J. and G. Rimbach, (1997). Nutritional significance of phytic acid and phytase. Arch. 
Anim. Nut. 52: 301–319. 
Rao, S. V. R., Reddy, V. R. and Reddy, V. R. (1999). Enhancement of phytate phosphorus 
availability in the diets of commercial broilers and layers. Anim. Feed Sci. Tech. 79: 211 – 
222. 
Shaw, A.L, Blake, J.P. and Moran, E.T. (2010). Effects of flesh attachment on bone breaking and 
of phosphorus concentration on performance of broilers hatched from young and old 
flocks. Poult. Sci. 89: 295–302. 
Talaty, P.N., Katanbaf, M.N. and Hester, P.Y. (2009a). Life cycle changes in bone 
mineralization and bone size traits of commercial broilers. Poul. Sci. 88: 1070–1077. 
Talaty, P.N., Katanbaf, M.N. and Hester, P.Y. (2009b). Variability in bone mineralization among 
purebred lines of meat-type chickens. Poult. Sci. 88: 1963–1974. 
  
128 
 
Whitehead, C.C. (2007). Causes and prevention of bone fracture. Proceedings of the 19th 
Australian Poultry Science Symposium, 122–129.  
Williams, B., Solomon, S., Waddington, D., Thorp, B. and Farquharson, C. (2000). Skeletal 
development in the meat-type chicken. Brit. Poult. Sci 41: 141–149. 
Williams, B., Waddington, D., Murray, D.H. and Farquharson, C. (2004). Bone strength during 
growth: Influence of growth rate on cortical porosity and mineralization. Calc. Tiss. Int. 74: 
236 – 245. 
Yan, F., Kersey, J.H., Fritts, C.A. and Waldroup, P.W. (2006). Effect of Phytase 
Supplementation on the Calcium Requirement of Broiler Chicks. International Journal of 
Poultry Science, 5 (2): 112–120. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
129 
 
CHAPTER 6 
Proximate composition and overtime variation in colour, drip loss and pH of breast meat 
from broilers supplemented with Moringa oleifera leaf meal 
Abstract 
The effect of diets supplemented with or without Moringa oleifera leaf meal (MOLM) on 
proximate composition, shelf life and meat quality of broiler breast meat during refrigerated 
storage (4°C) was investigated. Dietary treatments, including experimental design and growth 
performance parameters are described in detail in Chapter 3. Breast pH was recorded 45 minutes 
(pH45) and 24 hours (pH24) post-mortem; then for 8 consecutive days of refrigerated storage 
(4°C) pH, colour (L* = lightness, a* = redness, and b* = yellowness) and drip loss were 
measured in triplicate. Proximate analysis of homogenized breast muscle was also conducted. 
Supplementation of broiler diets with MOLM led to improved growth performance. Breast meat 
from broilers fed diets with the lowest MOLM levels, T2, and those on T5 had the highest (p < 
0.05) moisture content, while T1 had the lowest (74.4 ± 0.26 v. 73.6 ± 0.26); however, no dietary 
effects (P > 0.05) were observed on meat ash content. Breast meat from birds fed the negative 
control diet, T5, exhibited the lowest proximate composition for all nutrients measured. Breast 
muscle pH45 was highest (p < 0.05) in T4 and lowest in T3; and drip loss % was highest on d 8 
and lowest on 1 (p < 0.05). The L*, a* and b* values were significantly different (p < 0.05) 
between treatments over time of storage; with meat from T3 and T4 birds having the highest a* 
and b* values (p < 0.05), respectively. The saturation index (SI) was highest in T4 and lowest in 
T5 (p < 0.05); however, there were no dietary effects on the hue angle (HA). Drip loss increased 
as L* value increased, and a negative correlation and significant difference between L* and pH 
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were observed (-0.268, P = 0.003). In conclusion, additive supplementation of M. oleifera leaf 
meal appeared to have the same benefits as the positive control; it improved proximate 
composition, shelf life attributes and broiler breast meat quality properties.  
 
6.1 INTRODUCTION 
The repeated successes in genetic selection for increased breast meat yield has not been 
transferred to meat quality, especially on storage and processing quality (Le Bihan-Duval et al., 
1999). On the contrary, it has been associated with induced histological and biochemical 
modifications of the muscle tissue that result in pale, soft, and exudative-like (PSE-) condition, 
which may potentially influence the rate of carcass downgrading and meat quality (Maltin et al., 
2003; Petracci et al., 2009). Consumers are becoming more aware of the food they eat, and 
evoke certain expectations to determine acceptance, in relation to sensory characteristics, 
nutritional value and impact on health, through their repeated experience with a particular 
product (Bou et al., 2009; Muchenje et al., 2009a; Dyubele et al., 2010). Therefore, 
understanding factors that affect carcass characteristics and the quality of chicken meat is an 
endeavour for every producer (Dyubele et al., 2010).  
 
Nowadays, feed additives of plant origin are among different compounds that are perceived as 
safe and environmentally friendly, thereby satisfying consumer demands for healthier value-
added meats (Bou et al., 2009). Plants have antioxidant activities that can improve the oxidative 
stability of poultry products, increasing their shelf life (Wallace et al., 2010). Moringa oleifera 
leaves, due to their specific health and antioxidant properties have received considerable 
attention as potential natural additives in livestock nutrition (Moyo et al., 2011; Mbikay, 2012; 
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Qwele et al., 2013). Moreover, M. oleifera leaves contain high levels of sulphur-containing 
amino acids known to enhance the detoxification process by acting as methyl donors in various 
animal organs (Makkar and Bekker, 1997). However, nutritionally, efficiency against oxidative 
activity of any dietary compound depends primarily on the possibility of it being absorbed 
through the gastrointestinal tract (Luciano et al., 2009). 
 
Henceforth, bioactive compounds in M. oleifera leaves can regulate glucose homeostasis, 
stimulating its uptake and utilization by the liver, skeletal muscle, and adipose tissue through 
their modulation of the intestinal micro-flora (Mbikay, 2012). This process sustains the DNA 
integrity of the immune cells that are beneficial in preserving animal health, and thus the quality 
of animal products (Frankiĉ et al., 2010; Wallace et al., 2010). Also, in as much as genetics have 
a predominant control over colour; the yellowing of beaks, shanks, skin and other non-feather 
tissues of broilers may indicate bio-availability of pigmenting xanthophylls present in M. oleifera 
leaf meal (Olugbemi et al., 2010).  Quercetin, is another important glycoside compound that has 
been isolated in M. oleifera leaves (Manguro and Lemmen, 2007); which is reported to actively 
prevent cell degeneration in humans (Joshi and Mehta, 2010). This study was designed to 
evaluate the effect of additive supplementation of Moringa oleifera leaf meal (MOLM) on shelf 
life attributes and quality of broiler breast meat during overtime storage. 
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6.2 MATERIALS AND METHODS 
6.2.1 Preparation of M. oleifera leaf meal and dietary treatments 
The preparation of M. oleifera leaf meal and experimental diets is described in Chapter 3.  The 
nutrient and mineral composition of MOLM is shown in Table 3.2 and 3.3, respectively. 
 
6.2.2 Dietary treatments, bird management and experimental design 
This section, including recording of growth performance parameters is also described in detail in 
section 3.2.2 of chapter 3. Ingredient composition of basal feeds and that of nutrients and mineral 
in dietary treatments is shown in Table 3.2, 3.2 and 3.3, respectively. 
 
6.2.3 Slaughter procedure and muscle sampling 
At 35 days of age, 12 birds were randomly selected per treatment, 2 per replicate per treatment 
and fasted for 6 hours with water offered ad libitum. Bodyweight (BW) was recorded per bird 
before they were electrically stunned at 70 volts and sacrificed by cervical dislocation; then 
scalded and plucked. Carcass weight and breast pH were recorded 45 minutes and 24 hours post-
mortem; then carcases were kept in refrigerated storage (4°C). Thirty-six hours post-mortem, 
carcasses were weighed again, trimmed for the left and right breast muscles by removing skin, 
bones, and connective tissue. Each of the 12 left breast muscles was sliced longitudinally, and 24 
fillets per treatment group were collected. Proximate analysis of homogenized breast muscle was 
determined according to the methods of the Association of Official Analytical Chemists (AOAC, 
2000) for moisture, crude protein, ash and ether extract.  
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6.2.4 Drip loss analysis 
Breast fillets were weighed (W1)  and individually placed on a Styrofoam tray, wrapped and 
vacuum sealed in transparent oxygen-permeable polyvinyl chloride film then refrigerated at 4oC 
for shelf-life analysis. After 12 hours the 3 trays were randomly selected from the cooler and 
fillets were wiped by absorbent paper, and weighed again (W2). Fillet weights were recorded 
every morning, for 7 consecutive days in triplicates. Drip loss % was calculated as [(W1 - W2) ÷ 
W1 × 100] over 8 days of storage. 
 
6.2.5 Meat colour measurements 
Measurements for breast meat colour coordinates – lightness (L*), redness (a*) and yellowness 
(b*) were made using a portable 45
°
/0° BYK-Gardener GmbH colour meter with D65-daylight 
illuminant and 10
o
 standard observer at 20mm diameter approximately 24 hours after slaughter 
(CIE-Lab, 1978). For eight consecutive days triplicate readings were made on non-overlapping 
zones of the sample rotated 90
o
 between each measurement and the average values were 
calculated. The calorimeter was calibrated with the green standard before measurements were 
taken. The saturation index (SI) and Hue angle (HA) were calculated using the following 
formulae: SI index = [(a*
2
 + b*
2
)
0.5
] and Hue angle = [(tan-1(b*/a*))]. 
 
6.2.6 Meat pH measurements 
The pH was determined using a portable digital pH meter, equipped with a probe (CRISON pH 
25, CRISON Instruments SA, Spain). Breast pH was measured at 45 minutes (pH45) and 24 h 
(pH24) post-mortem. Further pH measurements were taken after 36 hours post-mortem and for 8 
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consecutive days. The pH meter was calibrated using pH 4, pH 7 and pH 9 standard solutions 
before each day’s measurement. The measurements were taken by probing the electrode at 3 
different locations of breast meat, and were averaged.  
 
6.2.7 Statistical analysis 
Data on drip loss, meat colour and pH was subjected to the GLM procedure of SPSS 20 (2011) 
with a model that included dietary treatment as a factor. Interactions were not significant (P > 
0.05) and were dropped from the model. The statistical model used to test the effects of treatment 
on proximate composition, meat colour, pH, drip-loss and L* (lightness) was: Yij = µ + αi +βi + 
eij.  
Where Yij = response variable, µ = overall mean, αi = effect of dietary treatments (T1, T2, T3, T4 
and T5), βj = effect of days (1 to 8) and eij = random error.  
Duncan’s multiple range tests was used to determine the statistical significance among the means 
(SPSS 20, 2011). Correlation coefficients for colour, pH, drip-loss and L* (lightness) that were 
measured over 8 days were generated using the Pearson’s Correlation Coefficient option of SPSS 
20 (2011).  
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6.3 RESULTS AND DISCUSSION 
6.3.1 Proximate composition of breast muscle 
Proximate composition of broiler breast muscle from different treatment groups is shown in 
Table 6.1. Breast meat in T2 and T5 had the highest moisture content, while T1 had the lowest 
(74.38% v. 73.63%); and the dry matter content was highest in T1 (p < 0.05) and lowest in T5 
meat. There were no significant differences (p > 0.05) in ash content among treatments. The lipid 
content was highest (p = 0.001) in T3 breast meat (2.2%) and lowest in that from T5 birds 
(1.5%). The protein content was highest (p < 0.05) in T1 and lowest in T2 and T5, respectively; 
while metabolisable energy (ME, kJ/g) levels were highest in T1 and lowest in T5 (437.17 v. 
406.71).  
 
6.3.2 Breast meat pH  
Table 6.2 illustrates the effect of diets supplemented with or without MOLM on the pH of broiler 
breast meat at 45 minutes (pH45) and 24 hours (pH24) post-mortem. At 45 minutes post-mortem, 
breast meat pH45 was highest (p < 0.05) in T4 (5.74 ± 0.05) and lowest in T3 (5.65 ± 0.03); 
however, no variations were observed on breast meat pH24. The effects of dietary treatments on 
broiler breast meat pH, colour (L*, a* and b* values), drip loss, saturation index (SI) and Hue 
angle (HA) 8 days of refrigerated storage (4°C) are also shown in Table 4 and Table 5, 
respectively. Dietary treatments showed no significant effects (p > 0.05) on beast meat pH 
measurements; however, length of storage did have an effect (Table 5). At 5.77, pH was lowest 
on d 1 (p < 0.05) and lowest on d 4 at 5.88, and was more or less constant up to day 8, ranging 
between 5.84 and 5.85.  
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Table 6.1 Least-squares means (±standard errors) for proximate composition of breast meat from broiler chickens (35 d) fed diets 
supplemented with or without MOLM. 
Parameter  Dietary treatments 
(n = 6) T1 T2 T3 T4 T5 
Moisture (%) 73.6
b
 ± 0.26 74.4
a
 ± 0.26 73.9
ab
 ± 0.11 74.2
ab
 ± 0.19 74.4
a
 ± 0.26 
DM (%) 26.3
a
 ± 0.24 25.6
b
 ± 0.26 26.1
a
 ± 0.11 25.8
ab
 ± 0.19 25.3
b
 ± 0.30 
Ash (%) 1.2 ± 0.03 1.1 ± 0.05 1.2 ± 0.01 1.2 ± 0.03 1.2 ± 0.09 
Lipid (%) 2.1
a
 ± 0.11 2.1
a
 ± 0.14 2.2
a
 ± 0.15 2.0
a
 ± 0.13 1.5
b
 ± 0.12 
Protein (%) 23.5
a
 ± 0.24 22.6
b
 ± 0.30 23.2
ab
 ± 0.23 22.9
ab
 ± 0.19 22.6
b
 ± 0.39 
ME (kJ/g) 437.2
a
 ± 4.92 424.3
a
 ± 4.71 432.5
a
 ± 3.25 424.4
a
 ± 4.16 406.7
b
 ± 3.47 
.a–c
 Means within the same row that do not share a common superscript are significantly different (P<0.05). T1, positive control, 668 
mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM 
intake, respectively; and T5: a negative control diet with no AGPs or MOLM. 
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Figure 6.1 Effect of diets supplemented with or without M. oleifera leaf meal (MOLM) on 
breast muscle pH of broiler chickens (35 d) over 8 days of storage. Least square means 
(±standard errors) are shown. Means with no common letters differ significantly (P < 0.05). T1, 
positive control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of M. oleifera leaf 
meal (MOLM) at 1%, 3% and 5% of DM intake, respectively; and T5: a negative control diet with no 
supplementation. 
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6.3.3 Drip loss  
Drip loss, as a measure of water holding capacity was affected by overtime storage. It increased 
significantly (p < 0.05) as the storage time progressed (Table 6.5; Figure 6.2), being highest (p < 
0.05) on d 8 (3.75%) and lowest on d 1 (0.33%). Days in storage had significantly (P < 0.001) 
the highest effect on drip loss, increasing as days progressed (Table 6.6). Day 1 had significantly 
(P < 0.05) the lowest drip loss (0.33
 
± 0.044) increasing drastically with each day of storage, and 
reaching a maximum level of 3.75
 
± 0.266 on Day 8. As a function of pH and colour, as pH 
increases drastically it reduces the water holding capacity, inducing a pale colour, similar to pale, 
soft, and exudative (PSE) condition in pork (Dransfield and Sosnicki, 1999).  
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Figure 6.2 Least square means and standard errors on the effect of diets supplemented with or 
without M. oleifera leaf meal (MOLM) on drip loss % of breast muscle of broiler chickens (35 d) 
over 8 days of storage. T1, positive control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 
contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM intake, 
respectively; and T5: a negative control diet with no supplementation. 
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6.3.4 Meat colour  
Figures 6.3 to 6.7 and Tables 6.3 and 6.4 show the effect dietary treatments and length of storage 
on broiler breast meat colour as represented by L*, a* (redness) and b* (yellowness) values, 
respectively. According to Fletcher et al. (2002) poultry meat is usually categorized as light (L* 
≥ 50.0) or dark (L* < 45.0). Overall, there seemed to be uniformity in the L* (lightness) values, 
which were greater or equal to 50, an indication of paler meat expected of breast meat as a 
consequence of genetic selection. The only treatment effect observed was on Day 7 and 8, 
respectively. Lightness values in meat from T2 birds was the highest on Day 7 (P < 0.05) and 
lowest in T5. Then on Day 8 T1 had the highest breast meat L* values, while T3 had the lowest 
L* value (49.97 ± 0.258), reflecting a darker colour relative to other treatments (Table 6.3). 
Thus, meat from T1 birds seemed to be the palest compared to that from T2, T4, T5 and T3 
birds. Lightness showed a decreasing trend for T3 and T5 breast meat as the storage days 
increased, whereas T1, T2 and T4 were almost constant from Day 1 to Day 8. The L* variations 
in relation to day effect were only noted between Day 1 and 8, being higher on the first than on 
the last day of storage (Table 6.4 and Figure 6.3). Extreme variations in meat colour, especially 
in the darker than normal colour ranges, may adversely affect the final product colour (Fletcher 
et al., 2002). 
 
Redness values (a*) were significantly different amongst treatments from Day 2 to 5, although 
no variations were observed on the other days (Figure 6.4). Treatment 2 (6.04 ± 0.216) had the 
highest a* value on D2, while it was at its lowest in T5 (3.22 ± 0.128). Surprisingly, on D3 it was 
T5 (6.62 ± 0.231) that had the highest a* value (P < 0.0), while T3 was the lowest (4.75 ± 0.861); 
then on D4 redness value was highest in T1 (5.87 ± 0.369) and lowest in T5 (3.98 ± 0.722). 
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Treatment 2 was again having the highest a* value on D5, while T1 had the lowest (P < 0.05). 
Yellowness was highest (P < 0.05) in T1 breast meat, and lowest T5 on Day 3 of storage.  Meat 
yellowness levels seemed to be higher on Day 7 and 8 as compared to Day 1 and 2, while the rest 
were uniform. Overall, T3 and T4 showed more yellowness than meat from other treatments. 
Moreover, T2 and T5 were in close range to each other in yellowness. Noteworthy, was the lack 
of expression of the carotenes and xanthophylls that are reportedly present in M. oleifera leaves; 
the b* values (Figure 6.5) did not increase with the increase in MOLM supplementation (Makkar 
and Becker, 1997; Joshi and Meta, 2010; Foidl et al., 2011).    
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Figure 6.3 Least square means and standard errors on effects of diets supplemented with or 
without M. oleifera leaf meal (MOLM) on drip loss % of breast muscle of broiler chickens (35 d) 
over 8 days of storage. T1, positive control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 
contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM intake, 
respectively; and T5: a negative control diet with no supplementation. 
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Figure 6.4 Least square means and standard errors on the effects of diets supplemented with or 
without M. oleifera leaf meal (MOLM) on a* value (redness) of breast muscle of broiler 
chickens (35 d) over 8 days of storage. T1, positive control, 668 mg Zinc Bacitran, 500 mg 
Albac; T2, T3 and T4 contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 
5% of DM intake, respectively; and T5: a negative control diet with no supplementation. 
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Figure 6.5 Least square means and standard errors on the effects of diets supplemented with or 
without M. oleifera leaf meal (MOLM) on b* value (yellowness) of breast muscle of broiler 
chickens (35 d) over 8 days of storage. T1, positive control, 668 mg Zinc Bacitran, 500 mg 
Albac; T2, T3 and T4 contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 
5% of DM intake, respectively; and T5: a negative control diet with no supplementation. 
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Table 6.2 Least square means (± standard errors) for pH, DL%, L*, a*, b*, SI and HA of breast meat from broiler chickens (35 d) 
fed diets supplemented with or without M. oleifera leaf meal (MOLM)  
Shelf-life attributes  Dietary treatments 
T1 T2 T3 T4 T5 
      
pH45min        5.7
ab
 ± 0.03        5.7
ab
 ± 0.02   5.6
b
 ± 0.03        5.7
a
 ± 0.05        5.7
ab
 ± 0.03 
pH24h     5.6 ± 0.03     5.7 ± 0.02 5.7 ± 0.02      5.7 ± 0.02     5.7 ± 0.02 
pH over 8 d 5.8 ± 0.02
 
 5.9 ± 0.02 5.8 ± 0.02 5.8 ± 0.02 5.8 ± 0.01 
DL % 2.3
ab
 ± 0.30 2.0
ab 
 ± 0.28 2.5
a 
± 0.44 2.0
ab
 ± 0.26 1.8
b 
± 0.19 
L* 54.9
a 
± 0.44 55.2
a 
± 0.98 52.4
b 
± 0.73 53.3
ab 
± 0.69 53.7
ab 
± 0.69 
a* 5.0
ab 
± 0.21 5.1
ab 
± 0.39 5.2
a 
± 0.29 5.0
ab 
± 0.24 4.3
b 
± 0.26 
b* 14.8
ab 
± 0.49 13.9
b 
± 0.30 15.0
a 
± 0.46 15.3
a 
± 0.44 13.3
cb 
± 0.35 
Saturation index 15.7
ab
 ± 0.45 14.9
b
 ± 0.33 16.0
ab
 ± 0.43 
 ± 0.43 
16.1
a
 ± 0.45 14.1
c
 ± 0.31 
Hue angle 1.2 ± 0.02 1.2 ± 0.02 1.2 ± 0.02 1.3 ± 0.01 1.3 ± 0.02 
a–e
 Means within the same row that do not share a common superscript are significantly different (P<0.05). Dl = Drip loss; L* = 
lightness; a* = redness; b* = yellowness; SI = saturation index; HA = Hue angle. 
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Table 6.3 Effect of refrigeration storage (4°C) over 8 days on breast meat pH, Drip Loss %, L*, a*, b*, SI and HA of broiler 
chickens at 35 d of age. 
Days in storage 
(n = 24)  
Shelf-life attributes 
pH DL % L* a* b* SI HA 
        
1 5.8
b 
± 0.01 0.3
e 
± 0.04
 
55.4
a 
± 1.64
 
5.3 ± 0.56 13.6
b 
± 0.45
 
14.7
bc
 ± 0.50 1.2 ± 0.03 
2 5.8
ab 
±0.02 0.7
ed 
± 0.06
 
54.1
ab 
± 1.07
 
4.8 ± 0.39 13.1
b 
± 0.51
 
14.0
c
 ± 0.55 1.2 ± 0.02 
3 5.8
ab 
± 0.02
 
1.3
d 
± 0.13
 
54.5
ab 
± 0.73 5.3 ± 0.28 14.1
abc 
± 0.56
 
15.2
abc
 ± 0.50 1.2 ± 0.03 
4 5.9
 a 
± 0.03
 
2.3
c 
± 0.19
 
54.3
ab 
± 0.74 4.6 ± 0.27 14.8
ac 
± 0.51
 
15.6
ab
 ± 0.50 1.3 ± 0.02 
5 5.9
 a 
± 0.02 2.0
c 
± 0.17
 
53.9
ab 
± 0.72 5.2 ± 0.36 15.0
ac 
± 0.39
 
16.0
ab
 ± 0.35 1.2 ± 0.03 
6 5.9
 a 
± 0.03 2.9
b 
± 0.29
 
53.8
ab 
± 0.84 4.7 ± 0.41 14.5
abc 
± 0.70
 
15.3
abc
 ± 0.71 1.3 ± 0.03 
7 5.9
 a 
± 0.02 3.5
a 
± 0.46
 
53.1
ab 
± 0.79 4.8 ± 0.30 15.3
a 
± 0.54
 
16.1
a
 ± 0.50 1.3 ± 0.02 
8 5.8
 b 
± 0.01 3.8
a 
± 0.27
 
52.1
b 
± 0.53
 
4.6 ± 0.25 15.3
a 
± 0.53
 
16.0
ab
 ± 0.49 1.3 ± 0.02 
SEM 0.01 0.14 0.33 0.13 0.20 0.19 0.01 
P-value 0.014 < 0.001 0.392 0.678 0.031 0.067 0.295 
a–e
 Means within the same column that do not share a common superscript are significantly different (P<0.05). DL = Drip loss; L* = 
lightness; a* = redness; b* = yellowness; SI = saturation index; HA = Hue angle. 
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Figure 6.6 Least square means and standard errors on the effects of diets supplemented with or 
without M. oleifera leaf meal (MOLM) on saturation index of breast muscle of broiler chickens 
(35 d) over 8 days of storage. T1, positive control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 
and T4 contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM 
intake, respectively; and T5: a negative control diet with no supplementation. 
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Figure 6.7 Least square means and standard errors on the effects of diets supplemented with or 
without M. oleifera leaf meal (MOLM) on hue angle of breast muscle of broiler chickens (35 d) 
over 8 days of storage. T1, positive control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 
contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM intake, 
respectively; and T5: a negative control diet with no supplementation. 
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6.3.5 Relationship between drip loss, colour and pH 
The relationships between drip loss, pH, and L* value are shown in Figure 6.8 and Table 6.5, 
respectively. In general, as drip loss increased, the L* value increased linearly (Table 6.5; Figure 
6.8).  A negative correlation between L* and pH was observed, albeit a significantly different 
relationship (r = -0.268, R
2
 = 0.023, P = 0.003). The observation that drip loss was more 
influenced by L* value than by pH suggests that the L* value may be a better selection tool for 
meat quality traits than pH (Le Bihan-Duval et al., 1999). These results concur with previous 
findings that with a strong negative correlation between pH and L* it becomes impossible to 
increase both values simultaneously (Barbut, 1997; Woelfel et al., 2002; Muchenje et al., 2008, 
2009b). Lightness has been found to be highly heritable and genetically correlated with pHu, 
suggesting that selecting for lower L* values could lead to higher pHu, and therefore a better 
water holding capacity (Le Bihan-Duval et al., 2009). Significant differences between pH values 
and the L* value have been reported, whereby the lightest (greater than 50) had the lowest pH, 
the normal (47 to 49) having an intermediate pH, while the dark (less than 46) group had the 
highest pH (Fletcher et al., 2000). On the contrary, the increase in drip loss is a consequence of 
the decline in pH immediately post-mortem to an ultimate pH (pHu) of about 5.4 – 5.7, as a 
result of lactate accumulation that is stimulated by glycogen metabolism in the muscles via the 
anaerobic glycolytic pathway using ATP (Maltin et al., 2003). Similarly, pH was negatively 
correlated to b*, and its relationship with a* value was negligibly low and insignificant (P > 
0.05, Table 6.6). With a faster pH decline, the muscle becomes susceptible to denaturation, 
which reduces the water holding capacity, inducing a pale colour, similar to pale, soft, and 
exudative (PSE) condition in pork (Dransfield and Sosnicki, 1999). 
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Table 6.4 Pearson correlation coefficients (r) for days, pH, Drip Loss %, L*, a*, b*, SI and HA of broiler breast meat over 8 days 
of refrigeration storage (4°C) 
Shelf life attribute 
(n = 24) 
 Pearson correlation coefficients (r)   
pH DL % L* a* b* SI HA 
        
Days 0.220
*
 0.784
**
 -0.226
*
 -0.114
ns 
0.309
**
 0.269
**
 0.226
*
 
pH  0.027
ns 
-0.268** 0.076
ns 
-0.006
ns 
0.011
ns 
-0.069
ns 
DL %   -0.150
ns 
-0.049
ns 
0.221* 0.196* 0.130
ns 
L*    -0.413** -0.239** -0.337** 0.250** 
a*     -0.002
ns 
0.249
**
 -0.876
**
 
b*      0.967
**
 0.464
**
 
SI       0.228
*
 
 
NS: non-significant, *P < 0.05, **P < 0.001. DL = Drip loss; L* = lightness; a* = redness; b* = yellowness; SI = saturation index; HA 
= Hue angle. 
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Figure 6.8 Least square means and standard errors on the relationship between (a) Drip Loss % and L* (lightness), (b) Drip Loss 
% and pH, and (c) pH and L-value of breast meat from broiler chickens (35 d) fed diets supplemented with or without M. oleifera 
(MOLM).  
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6.4 CONCLUSION 
Physico-chemical meat quality variables improved with the additive supplementation of broilers 
with M. oleifera. With exception of drip loss which increased with time, meat quality variables 
such as colour and pH remained constant over time. In this study it was evident that, although 
nutrition can significantly influence meat quality characteristics, colour is predominantly 
controlled by genetics, whereas L* is genetically negatively correlated with the ultimate pH, 
hence the negative relationship between the two parameter. It is also not clear how the gap 
between selection for improved growth performance and lean tissue accretion can be intertwined 
with meat quality attributes, and the physiological changes induced by slaughter and rigor 
mortis. The pH at 15 minutes post-mortem was not measured, in future studies it would add 
value to determining the onset of changes in pH very early after rigor mortis. 
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CHAPTER 7 
Fatty acid composdition and oxidative stability of breast meat from broiler chickens 
supplemented with Moringa oleifera leaf meal 
 
Abstract  
Effects of diets supplemented with or without Moringa oleifera leaf meal (MOLM) on fatty acid 
(FA) composition and oxidative stability of broiler breast meat during refrigerated storage was 
determined. Dietary treatments, including experimental design and growth performance 
parameters are described in detail in Chapter 3. Thiobarbituric acid reactive substances (TBARS) 
and FA composition in breast meat were used as indicators of lipid oxidation. Significant effects 
on TBARS were noted on Day (D) 1, 3, 4 and 7. Treatment 4, on D1, had the lowest (P < 0.05) 
TBARS followed by T2 and T3 at 0.059, 0.063 and 0.075 mg/kg meat, respectively; while on D3 
and D4, T3 (0.019 and 0.028) had the lowest TBARS, and T4 (0.188) on D7.  On D1, T2 had the 
highest C18:0 and C15:0 levels; while C20:0 was highest in T4 on D8. Then C20:2, C20:3n6 and 
C22:6n3 were the highest in T2 meats (P < 0.05); C18:3n6 and P/S ratio in T4 on D1; while n-3 
was the highest in T3. The P/S ratio on D1 was highest in T4; having n-6/n-3 being highest in 
T1; and n-3 was highest in T3 all at P < 0.05. On D8, the n-3 was highest in T1 (P < 0.05).  
Results of the current study show that supplementation of M. oleifera leaf at additive levels of up 
to 5% of the bird’s DMI does have the potential to favourably influence the fatty acid profile, as 
well as limit the extent of lipid oxidation in broiler breast meat. 
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7.1 INTRODUCTION 
Poultry meat has many desirable nutritional characteristics such as low lipid content and 
relatively high concentrations of polyunsaturated fatty acids. The objectives in modern breeding 
strategies, particularly in pigs and meat-type chickens, have been to cost effectively achieve 
maximum lean muscle tissue (Maltin et al., 2003). However, although bird genotype strongly 
influences meat functional properties as well as nutritional characteristics (Sirri et al., 2011); the 
feeding and conditions under which the animals are produced and slaughtered may influence the 
oxidative stability of the meat (Young et al., 2003).  Currently, there is an increasing trend 
toward replacement of saturated with unsaturated fats in poultry products through feeding, which 
raises concerns over long term stability of meat quality (Leeson, 1999; Bou et al. 2004). One 
reason for the success of the broiler meat industry has been the consumer perception of a healthy 
product that contains less fat, most predominantly unsaturated fatty acids (especially 
polyunsaturated fatty acids) as comparable to beef or pork products (Leeson, 1999; Bonoli et al., 
2007).  
 
Lipid oxidation is a major cause of meat quality deterioration, resulting in rancidity and the 
formation of undesirable odors and flavors, which lowers the functional, sensory and nutritive 
values of meat products; and therefore, consumer acceptability (Bou et al. 2004). Three main 
factors define the susceptibility of lipids to per-oxidation in tissue, that is, the proportion of 
PUFA in lipid bilayers, the amount of reactive oxygen species produced and the level of 
endogenous or nutritional antioxidants (Brenes et al., 2008). In practice, the addition of 
antioxidants, which are organic molecules of either synthetic or natural origin capable of 
scavenging the active forms of oxygen involved in the initiation step or progression of oxidation 
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is the major preventive measure against lipid oxidation in meat and meat products is 
(Valenzuela, 1995). Antioxidants get incorporated within cell membranes and protect tissues 
against oxidation from reactive oxygen species, thus maintaining the overall quality of meat 
(Deschalzo and Sancho, 2008). In the same manner, phenolics or flavonoids in plants have the 
affinity to bind to biological polymers and heavy metal ions, terminating free radical chain 
reactions (Valenzuela, 1995; Milos et al. 2000; Botsoglou et al. 2002). As a result, research on 
antioxidants has focused on naturally occurring molecules and numerous medicinal herbs 
currently being suggested to eliminate consumers’ concerns about the safety and toxicity of their 
synthetic counterparts (Jang et al., 2008).  
 
Moringa oleifera leaves act as a good source of natural antioxidant due to the presence of various 
types of antioxidant compounds such as ascorbic acid, flavonoids, phenolics and carotenoids 
(Anwar et al., 2005; Makkar and Becker, 1996). These leaves can be eaten fresh, cooked, or as 
ground dried powder that can be stored for many months without refrigeration, without possibly 
loss of nutritional value (Fahey, 2005). A high content of γ-tocopherol has been found in 
practically the whole Moringa plant, ranging from 5.7μg/g (adult leaves) to 27.8μg/g (6 month-
old leaves) of dry mass. The presence of β-carotene, vitamins A, C and E in M. oleifera leaves 
further explains their reducing potential albeit the mode of action is yet to be elucidated (Anwar 
et al., 2007). Vitamin C is known to act as a scavenger of free radicals, while it indirectly 
regenerates vitamin E. In South Africa, ground M. oleifera leaves are already being propagated 
and market as health supplements for humans. The objective of the present study was therefore 
to evaluate the effect of Moringa oleifera leaf meal (MOLM) on the fatty acid profile and lipid 
stability of broiler breast meat quality.  
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7.2 MATERIALS AND METHODS 
7.2.1 Preparation of M. oleifera leaf meal and dietary treatments 
The preparation of M. oleifera leaf meal and experimental diets is described in Chapter 3.  The 
nutrient and mineral composition of MOLM is shown in Table 3.2 and 3.3, respectively. 
 
7.2.2 Dietary treatments, bird management and experimental design 
This section, including recording of growth performance parameters is also described in detail in 
Section 3.2.2 of Chapter 3. Ingredient composition of basal feeds and that of nutrients and 
mineral in dietary treatments is shown in Table 3.2, 3.2 and 3.3, respectively. 
 
7.2.3 Slaughter procedure and sampling 
At five weeks of age two broilers from each replicate pen, 12 birds per treatment were 
electrically stunned at 70 volts and killed by cervical dislocation. After 24 hours of chilling 
(4
o
C), carcasses were trimmed for breast meat by removing skin, bones, and connective tissue. 
The left breasts from the respective treatments were sliced longitudinally into two equal parts, 
equating to 24 breast samples per treatment. Each sample was weighed, placed on a Styrofoam 
tray, wrapped and vacuum sealed in transparent oxygen-permeable polyvinyl chloride film then 
refrigerated at 4
o
C. For eight consecutive days, three trays per treatment were randomly removed 
from the cooler, blotted dry using a paper towel and reweighed. Ten grams from each fillet was 
sampled, wrapped in tinfoil, vacuum sealed and stored at -18
o
C for lipid oxidation studies on a 
later date. On day one and eight, respectively, three additional samples were wrapped in tinfoil, 
vacuum sealed and stored at -18
o
C until required for fatty acid analysis. 
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7.2.4 Fatty acid profile determination 
After thawing at 4°C over night, total lipids of each 2 g meat sample were extracted using 
chloroform–methanol (2:1, v/v) according to the procedure of Folch et al. (1957). Samples were 
then homogenized using a polytron mixer (Wiggen Hauser, D-500 Homogenizer) with the 
extraction solvent containing 0.01% butylated hydroxytoluene (BHT) as an antioxidant. 
Individual fatty acids were quantified using Heptadecanoic acid (C17:0) as an internal standard 
(catalogue number H3500, Sigma–Aldrich Inc., 3050 Spruce Street, St. Louis, MO 63103, USA). 
A sub-sample of the extracted lipids was trans-methylated for 2 h at 70°C using methanol–
sulphuric acid (19:1; v/v) solution. After cooling at room temperature, the resulting fatty acid 
methyl esters (FAMEs) were extracted with water and hexane, and the top phase was transferred 
to a spotting tube and dried with liquid nitrogen. 
 
The fatty acid methyl esters were separated on a Thermo Focus GC equipped with a flame 
ionized detector using a BPX70 capillary column (60 m x 0.25 mm internal diameter, 0.25 μm 
film, SGE [SGE International Pty Ltd, 7 Argent Place, Ringwood, Victoria 3134] Australia). Gas 
flow rates were 30ml/min for the hydrogen carrier gas. Helium was the carrier gas at constant 
flow of 0.7 ml/min. The mass spectrometer temperature was programmed at 60°C for initial 
temperature and 160°C for final temperature. Injector and detector temperatures were set at 
220°C and 260°C, respectively. The FAMEs were identified by comparing the retention times to 
those of a standard FAME mixture (Supelco
TM
 37 Component FAME Mix, 10 mg/ml in CH2Cl2, 
Catalogue Number 47885-U. Supelco, North Harrison Road, Bellefonte, PA 16823-0048, USA). 
Ratios and indexes useful for evaluating nutritional quality and healthiness of lipid profile were 
determined as follows:  
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Ratio of saturated to unsaturated FA (S: P) = [(C14:0 + C16:0 + C18:0)/ΣMUFA + ΣPUFA].  
Atherogenic index (AI) = [(C12:0 + 4 × C14:0 + C16:0) / (ΣMUFA + Σ (n − 6) + Σ (n − 3))] 
(Ulbricht and Southgate, 1991; Santos-Silva et al., 2002).  
Thrombogenic index (TI) = [(C14:0 + C16:0 + C18:0) / (0.5 × ΣMUFA) + 0.5 × Σ (n − 6) + 3 × 
Σ (n − 3) + Σ (n − 3)/Σ (n − 6)] (Ulbricht and Southgate, 1991; Santos-Silva et al., 2002).  
 
7.2.5 Measurements of thiobarbituric acid-reactive substances (TBARS) 
After thawing at 4°C over night, each 10 grams of breast meat was homogenized for 1 min and 
sample homogenates of about 1 ml were transferred to test tubes. The extent of lipid oxidation on 
breast meat was determined by measuring the TBARS at 1 and 8 d of storage (-18°C). The 
following reagents were added to the test tubes: 0.15 M KCL buffer (1.12 g KCL plus 0.002 g 
BHT in 100 ml of distilled water), 1% (w/v) TBA (2-thiobarbituric acid), 50 mm NaOH mixture 
(0.2 g NaOH plus 1 g TBA in 100 ml of distilled water), 2.8% (w/v) TCA (Trichloro-acetate; 2.8 
g in distilled water) and n-Butanol. A standard stock solution of 0.001 M TMP (1, 1, 3, 3-
tetramethoxypropane) made up of 0.0164 ml 99% TMP in 100 ml distilled water was used. Test 
tubes were vortexed, heated in a boiling water bath (100 °C) for 10 minutes, cooled at room 
temperature, and then centrifuged for 30 minutes at 4°C at 4000 rpm. Absorbance of the 
supernatant was measured at 532 nm against a blank reagent using a spectrophotometer. The 
percentage on lipid oxidation inhibition was calculated by the following equation: [(absorbance 
of control – absorbance of sample) ÷ absorbance of control × 100]. Thiobarbituric acid-reacting 
substances (TBARS) were expressed as micrograms of malonaldehyde (MDA) per gram of meat. 
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7.2.6 Statistical analysis 
Fatty acid and lipid oxidation data was all subjected to the General Linear Models (GLM) using 
SPSS 20 (2011). Interactions were not significant (P > 0.05) and were dropped from the model. 
The statistical model used to test the effects of treatment on meat FA profiles was:  
Yij = µ + αi +βi + eij.  
Where Yij = response variable, µ = overall mean, αi = effect of dietary treatments (T1, T2, T3, T4 
and T5), βj = effect of days (1 to 8) and eij = random error. Duncan’s post hoc test at 5% 
probability was used for comparison between mean values. 
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7.3 RESULTS AND DISCUSSION 
7.3.1 Fatty acid profile of broiler breast meat 
The dietary treatment effect on the composition of omega-3 (n-3) fatty acids, omega-6 (n-6) fatty 
acids, saturated fatty acids (SFA), mono-unsaturated fatty acids (MUFA), polyunsaturated fatty 
acids (PUFA) and PUFA: SFA ratio in breast meat is shown in Tables 7.1 to 7.4, respectively. 
Although leaves were used in the current study, M. oleifera seed oil is reported to contain all the 
main fatty acids found in olive oil (Abdulkarim et al., 2004). In the study reported here, a 
tendency of SFA to be higher in meat from MOLM supplemented birds was noted, except for 
meat from T3 birds that had lower fatty acid composition, of both the saturated and unsaturated 
types. In agreement, gallic acid and linoleic acid was observed to increase arachidonic and 
docosahexaenoic acids in broiler meat (Jung et al., 2010). On D1, T2 and T4 had significantly (P 
< 0.05) the highest C15:0 levels; with T2 also being significantly highest for C18:0 and C15:0 
levels. On D8, the composition of C20:0 was significantly (P < 0.05) the highest in T4. No 
significant effects were observed in MUFA among dietary treatments as influenced by days of 
storage. In contrast to the current results, it has been shown that dietary application of Macleaya 
cordata alkaloid extract evokes some changes in contents of MUFA and PUFA (Juskiewicz et 
al., 2011). The FA profile in the current study, show C18:1n9c, to have the highest concentration 
in all treatments; and highest levels (33.55) were observed in meat from T3 birds.  On D1, the 
C20:2, C20:3n6 and C22:6n3 were significantly higher (P < 0.05) in T2 meats; while T4 had the 
highest C18:3n6 (P < 0.05) values, and C20:2 was highest in T5 (P < 0.05). The P/S ratio on D1 
was significantly higher in T4, while T1 had the highest n-6/n-3 ratio. Treatment T3 had 
significantly higher (P < 0.05) n-3 levels on D1, whereas on D8, the n-3 concentration in T1 was 
at its highest (P < 0.05).   
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Table 7.1 Least square means (± SE) of saturated fatty acids composition in breast meat of broiler chickens (35 d) fed diets 
supplemented with or without Moringa oleifera leaf meal 
Storage 
period 
Fatty acid Dietary treatments 
Dietary treatments 
Dietary treatments 
T1 T2 T3 T4 T5 
       
Day 1 C14:0 0.25 ± 0.039 0.23 ± 0.042 0.20 ± 0.079 0.34 ± 0.120 0.34 ± 0.042 
C15:0 0.08
b
 ± 0.015 0.12
a
 ± 0.004 0.08
b
 ± 0.005 0.13
a
 ± 0.026 0.10
ab
 ± 0.011 
C16:0 23.13 ± 1.796 21.64 ± 0.355 23.41 ± 1.444 25.31 ± 1.788 24.29 ± 0.639 
C18:0 10.13
b
 ± 0.983 13.64
a
 ± 1.060 11.09
ab
 ± 0.392 10.74
ab
 ± 1.926 12.51
ab
 ± 0.448 
C20:0 0.36 ± 0.058 0.35 ± 0.027 0.35 ± 0.029 0.39 ± 0.005 0.36 ± 0.046 
C21:0 0.09 ± 0.006 0.12 ± 0.015 0.11 ± 0.008 0.13 ± 0.036 0.12 ± 0.015 
C22:0 1.72
b
 ± 0.340 3.34
a
 ± 0.472 2.00
ab
 ± 0.265 2.05
ab
 ± 0.627 2.99
ab
 ± 0.494 
       
Day 8 C14:0 0.36 ± 0.063 0.33 ± 0.115 0.33 ± 0.026 0.43 ± 0.079 0.58 ± 0.123 
C15:0 0.09 ± 0.007 0.10 ± 0.005 0.09 ± 0.011 0.10 ± 0.025 0.09 ± 0.010 
C16:0 25.76 ± 1.832 23.94 ± 2.493 23.69 ± 0.565 23.65 ± 0.398 26.11 ± 0.895 
C18:0 11.27 ± 1.539 11.56 ± 1.548 11.45 ± 1.273 11.81 ± 0.733 9.24 ± 0.253 
C20:0 0.31
ab
 ± 0.016 0.28
b
 ± 0.009 0.32
ab
 ± 0.040 0.40
a
 ± 0.051 0.32
ab
 ± 0.046 
C21:0 0.09 ± 0.016 0.11 ± 0.012 0.09 ± 0.017 0.11 ± 0.010 0.09 ± 0.005 
C22:0 2.40 ± 0.972 2.00 ± 0.211 2.71 ± 0.639 2.26 ± 0.069 1.69 ± 0.123 
a–b
 Means within the same row that do not share a common superscript are significantly different (P<0.05). T1, positive control, 668 
mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM 
intake, respectively; and T5: a negative control diet with no supplementation. 
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Table 7.2 Least square means (± SE) of monounsaturated fatty acids composition in breast meat of broiler chickens (35 d) fed 
diets supplemented with or without Moringa oleifera leaf meal 
Storage 
period 
Dietary 
treatments 
Fatty acid 
C16:1 C18:1n9t C18:1n9c C20:1 C22:1n9 C24:1 
        
1 Day T1 3.44 ± 0.192 0.20 ± 0.004 32.14 ± 1.605 0.08 ± 0.006 0.07 ± 0.021 0.25 ± 0.054 
T2 2.66 ± 0.433 0.21 ± 0.012 28.36 ± 2.166 0.12 ± 0.003 0.10 ± 0.009 0.42 ± 0.046 
T3 3.31 ± 0.026 0.20 ± 0.031 33.55 ± 2.220 0.09 ± 0.003 0.09 ± 0.015 0.24 ± 0.034 
T4 3.73 ± 0.837 0.20 ± 0.025 29.57 ± 2.031 0.12 ± 0.030 0.12 ± 0.033 0.29 ± 0.095 
T5 2.81 ± 0.331 0.25 ± 0.036 28.04 ± 0.247 0.12 ± 0.009 0.12 ± 0.020 0.37 ± 0.056 
        
8 Days T1 3.76 ± 0.520 0.23 ± 0.025 31.89 ± 2.937 0.09 ± 0.022 0.07 ± 0.020 0.26 ± 0.106 
T2 4.05 ± 1.084 0.21 ± 0.003 31.89 ± 0.586 0.11 ± 0.022 0.08 ± 0.007 0.26 ± 0.041 
T3 3.48 ± 0.452 0.23 ± 0.025 30.57 ± 2.329 0.10 ± 0.011 0.08 ± 0.014 0.29 ± 0.073 
T4 2.99 ± 0.484 0.19 ± 0.013 28.68 ± 1.417 0.12 ± 0.007 0.10 ± 0.012 0.28 ± 0.027 
T5 4.55 ± 0.492 0.18 ± 0.006 32.15 ± 0.464 0.08 ± 0.010 0.06 ± 0.007 0.17 ± 0.015 
T1, positive control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of M. oleifera leaf meal (MOLM) at 
1%, 3% and 5% of DM intake, respectively; and T5: a negative control diet with no supplementation. 
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Similarly, on D8 the sum of SFA, MUFA, PUFA and TUFA (Table 7.4; Figure 7.1), 
respectively, were significantly higher (P < 0.05) in the T1 meat. Generally, plant bioactive 
compounds as found in M. oleifera leaves have a positive interaction with the biochemistry of 
the body (Maiga et al., 2005); modifying the cholesterol metabolism, thus leading to a product 
with healthier implications for human consumption (Wallace et al., 2010). Noteworthy is the 
relatively high content of MUFA, PUFA and TUFA in meat from birds fed MOLM 
supplemented diets. Apart from oleic acid, M. oleifera seed oil reportedly contains palmitic, 
stearic, and behenic (Abdulkarim et al., 2005).  
 
Meat has been implicated in imbalanced fatty acid intake by consumers, due to some meats 
naturally having a low PUFA to SFA ratio (P/S) ratio of around 0.1; thus a P/S ratio of 0.4 is 
often recommended (Wood et al., 2003). In the current study the P/S ratio (Table 7.5) was higher 
than 0.4, ranging between 0.82 and 0.68 on D1, even though there were no significant 
differences between treatments.  However, on D8 the P/S ratio was highest (p < 0.05) in T4 and 
lowest in T1 (0.75 v. 0.58).  Similarly, Bonoli et al. (2007) reported a significantly higher P/S 
ratio in meat from broilers fed a plant-based diet, confirming higher polyunsaturated fatty acids 
level, which are more susceptible to oxidation. The n-3 ratio was highest in T3 (0.87 ± 0.062) 
and lowest in T1 (0.57 ± 0.296); whereas on D8 the opposite was observed, the n-3 ratio was 
highest in T1 (0.80 ± 0.045) and lowest in T3 (0.47 ± 0.051). The n-3 and n-6 FAs play an 
important role in human nutrition, both being precursors of eicosanoids, prostaglandins, 
leucotriens, and thromboxanes that regulate the cardiovascular system and immunological 
processes (Grashorn, 2007).  
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Table 7.3 Least square means (± SE) of polyunsaturated fatty acids composition in breast meat of broiler chickens (35 d) fed diets 
supplemented with or without Moringa oleifera leaf meal. 
Storage period Dietary 
treatments 
Fatty acid 
C18:2n6c C18:3n6 C18:3n3 C20:2 C20:3n6 
Day 1 T1 21.26 ± 4.586 0.44
ab
 ± 0.066 0.53 ± 0.031 0.42
b
 ± 0.024 2.45
ab
 ± 0.208 
T2 16.27 ± 0.295 0.36
b
 ± 0.041 0.72 ± 0.016 0.86
a
 ± 0.140 4.22
a
 ± 0.478 
T3 16.95 ± 0.814 0.51
ab
 ± 0.057 0.62 ± 0.045 0.59
abc
 ± 0.050 2.98
ab
 ± 0.446 
T4 17.97 ± 0.171 0.58
a
 ± 0.041 0.66 ± 0.155 0.36
bc
 ± 0.110 3.19
ab
 ± 0.756 
T5 15.94 ± 0.798 0.38
b
 ± 0.023 0.66 ± 0.064 0.87
a
 ± 0.134 4.21
b
 ± 0.426 
       
Day 8 T1 15.53 ± 0.240 0.39 ± 0.062 0.56 ± 0.071 0.59 ± 0.249 2.76 ± 0.860 
T2 16.28 ± 0.513 0.45 ± 0.034 0.52 ± 0.045 0.59 ± 0.071 3.49 ± 0.623 
T3 16.88 ± 1.179 0.45 ± 0.068 0.61 ± 0.108 0.72 ± 0.157 4.00 ± 0.729 
T4 18.52 ± 0.488 0.54 ± 0.044 0.62 ± 0.039 0.80 ± 0.088 4.31 ± 0.552 
T5 17.57 ± 0.678 0.50 ± 0.031 0.51 ± 0.015 0.51 ± 0.005 2.54 ± 0.041 
       
  C20:3n3 C20:4n6 C20:5n3 C22:5n3 C22:6n3 
Day 1 T1 0.07 ± 0.007 0.13 ± 0.026 0.18
b
 ± 0.101 0.50
b
 ± 0.091 2.09
cb
 ± 0.436 
T2 0.12 ± 0.015 0.23 ± 0.029 0.57
a
 ± 0.064 0.89
a
 ± 0.078 4.44
a
 ± 0.697 
T3 0.08 ± 0.019 0.18 ± 0.019 0.40
ab
 ± 0.073 0.53
ab
 ± 0.052 2.45
b
 ± 0.244 
T4 0.11 ± 0.037 0.20 ± 0.054 0.49
a
 ± 0.156 0.66
ab
 ± 0.194 2.67
b
 ± 0.788 
T5 0.12 ± 0.020 0.23 ± 0.031 0.59
a
 ± 0.066 0.79
ab
 ± 0.137 3.79
ab
 ± 0.281 
       
Days 8 T1 0.07 ± 0.019 0.13 ± 0.034 0.38 ± 0.153 0.45 ± 0.142 2.57 ± 1.041 
T2 0.09 ± 0.018 0.17 ± 0.021 0.45 ± 0.079 0.52 ± 0.086 2.53 ± 0.509 
T3 0.09 ± 0.016 0.17 ± 0.039 0.55 ± 0.102 0.50 ± 0.107 2.60 ± 0.646 
T4 0.09 ± 0.014 0.15 ± 0.006 0.56 ± 0.074 0.54 ± 0.025 2.75 ± 0.173 
T5 0.07 ± 0.004 0.10 ± 0.007 0.35 ± 0.012 0.44 ± 0.052 2.11 ± 0.145 
a–b
 Means within the same column that do not share a common superscript are significantly different (P<0.05). T1, positive control, 
668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of 
DM intake, respectively; and T5: a negative control diet with no AGPs or MOLM 
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Table 7.4 Least square means (± SE) for the sum composition of SFA, MUFA, PUFA and TUFA in breast meat of broiler 
chickens (35 d) fed diets supplemented with or without Moringa oleifera leaf meal 
Storage period Dietary treatments ∑SFA ∑MUFA ∑PUFA ∑TUFA 
 
Day 1 T1 6.31 ± 0.942 6.55 ± 1.356 5.22 ± 1.001 11.77 ± 3.893 
T2 4.34 ± 0.167 3.53 ± 0.521 3.15 ± 0.258 6.69 ± 0.894 
T3 8.00 ± 1.668 8.50 ± 2.761 5.61 ± 0.634 14.11 ± 1.965 
T4 6.58 ± 1.878 5.98 ± 2.150 4.43 ± 0.832 10.41 ± 1.851 
T5 4.09 ± 0.711 3.18 ± 0.626 2.77 ± 0.403 5.96 ± 0.940 
      
Day 8 T1 9.65
a
 ± 2.472 9.11 ± 2.894 5.32
a
 ± 2.571 14.43
a
 ± 0.258 
T2 5.70
ab
 ± 0.587 5.43 ± 0.652 3.70
ab
 ± 0.607 9.13
ab
 ± 0.634 
T3 4.55
b
 ± 0.768 4.30 ± 1.331 3.16
b
 ± 4.303 7.46
b
 ± 0.832 
T4 5.39
b
 ± 1.029 4.57 ± 1.046 4.03
ab
 ± 3.277 8.61
ab
 ±  0.403 
T5 6.74
ab
 ± 0.370 6.57 ± 0.537 4.39
ab
 ± 1.104 10.96
ab
 ± 0.322 
a–b
 Means within the same column that do not share a common superscript are significantly different (P<0.05). T1, positive control, 
668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of 
DM intake, respectively; and T5: a negative control diet with no supplementation. SFA = saturated FA; MUFA = monounsaturated 
FA; PUFA = polyunsaturated FA; TUFA = total unsaturated FA. 
 
 
 
  
170 
 
0.000
2.000
4.000
6.000
8.000
10.000
12.000
T1 T2 T3 T4 T5
SFA1
SFA8
MUFA1
MUFA8
PUFA1
PUFA8
Dietary treatments
 
Figure 7.1 Least square means and standard errors on the effects of diets supplemented with 
or without Moringa oleifera leaf meal (MOLM) and overtime storage on fatty acid profiles of 
broiler breast meat at 35 d of age. SFA = saturated FA; MUFA = monounsaturated FA; PUFA = 
polyunsaturated FA. T1, positive control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 
contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM intake, 
respectively; and T5: a negative control diet with no supplementation. 1 and 8 represents the 
number of days in storage. 
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There were no significant treatment effects observed on the n-6 ratio (Table 7.5), although, it was 
higher in T3 and lower in T5 (4.62 vs. 2.11). On D8 the n-6 levels in T3 had dropped (61 ± 
0.650), while they remained higher in T1 (4.41 ± 1.005), and had increased in T5 (3.68 ± 0.347). 
On the contrary, Givens et al. (2011) found no evidence that meat from free range chickens had a 
fatty acid profile that would be classified as healthier. It is recommended that dietary energy 
coming from fat for human consumption should not be more than 30%, while the relation among 
SFA, MUFA and PUFA should equal 1:1:1; and less than 5.1 between n-6 and n-3 FA 
(Grashorn, 2007). However, meat from MOML supplemented birds had an n-3/n-6 ratio below 
5.5 on D1 and D8, respectively; however, no significant differences were observed. In terms of 
the n-6/n-3 ratio a value of less than 4 is recommended, although it can be manipulated to be 
higher than this in some meats (Wood et al., 2003); using dietary strategies that are likely to 
influence the long chain n-3 fatty acids, eicosapentaenoic (EPA) and docosahexaenoic acid 
(DHA) in broiler meat (Givens et al., 2011). 
 
 
7.3.2 Atherogenic and thrombogenic index levels in broiler breast meat 
There were no significant treatment differences (P > 0.05) observed in both the atherogenic 
index (AI) and thrombogenic index (TI) of breast meat in the current study (Figures 7.2 and 7.3). 
A lack of significant variations in atherogenic index, but lower thrombogenic index of meat from 
vitamin E supplemented animals with the higher n-3 level has been reported (Castellini et al., 
1998). According to Mbikay (2012) M. oleifera leaves have been shown to regulate glucose 
metabolism in rats and humans, controlling conditions such lipedeamia and hyperglycemia that 
render cells susceptible to oxidation. 
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Table 7.5 Least square means (± SE) on the fatty acid ratios in breast meat of broiler chickens (35 d) fed diets supplemented with 
or without Moringa oleifera leaf meal 
Storage period Dietary treatments Fatty acid ratio 
 P/S n-6 n-3 n6/n3 
Day 1 T1 0.82 ± 0.186 4.58 ± 1.397 0.57
b
 ± 0.296 8.11
a
 ± 0.036 
T2 0.73 ± 0.010 2.32 ± 0.101 0.74
ab
 ± 0.035 3.19
b
 ± 2.602 
T3 0.68 ± 0.042 4.62 ± 1.360 0.87
a
 ± 0.062 5.15
ab
 ± 0.330 
T4 0.69 ± 0.033 3.69 ± 1.047 0.68
ab
 ± 0.159 5.44
ab
 ± 0.539 
T5 0.68 ± 0.006 2.11 ± 0.435 0.58
ab
 ± 0.098 3.58
b
 ± 1.134 
      
Day 8 T1 0.58
b
 ± 0.058 4.41 ± 1.005 0.80
a
 ± 0.045 5.56 ± 0.681 
T2 0.66
ab
 ± 0.054 3.02 ± 0.280 0.59
b
 ± 0.036 5.24 ± 1.265 
T3 0.69
ab
 ± 0.020 2.61 ± 0.650 0.47
b
 ± 0.051 5.64 ± 0.775 
T4 0.75
a
 ± 0.018 3.30 ± 0.710 0.62
ab
 ± 0.022 5.19 ± 1.606 
T5 0.65
ab
 ± 0.037 3.68 ± 0.347 0.62
ab
 ± 0.098 5.97 ± 0.322 
a–b
 Means within the same column that do not share a common superscript are significantly different (P<0.05). T1, positive control, 
668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of 
DM intake, respectively; and T5: a negative control diet with no supplementation. P/S = polyunsaturated to saturated fatty acid ratio; 
n–3 = omega 3 fatty acids; n–6 = omega 6 fatty acids. 
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Figure 7.2 Least square means and standard errors on the effects of diets supplemented with 
or without Moringa oleifera leaf meal on the Thrombogenic Index (TI) of broiler breast meat at 
35 d of age. T1, positive control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained 
graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM intake, respectively; 
and T5: a negative control diet with no supplementation. 
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Figure 7.3 Least square means and standard errors on the effects of diets supplemented with 
or without Moringa oleifera leaf meal (MOLM) on the Atherogenic Index (TI) of broiler breast 
meat 35 d of age. T1, positive control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 
contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM intake, 
respectively; and T5: a negative control diet with no supplementation. 
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7.3.3 Lipid oxidation of broiler breast meat 
Table 7.6 and Figure 7.4, respectively, show the thiobarbituric acid-reacting substances 
(TBARS) as a measure of lipid oxidation in broiler breast meat. For all treatments TBARS were 
at their lowest from D1 to D4. On D1 significant treatment (P < 0.05) effects were noted, where 
TBARS were higher in T2 (0.119) followed by T5 (0.080) and were lower in T4 (0.059). Oil 
extracted from M. oleifera leaves was revealed to have significantly high oxidative stability, 
indicating the presence of natural antioxidants (Anwar and Bhanger, 2003; Park et al., 2011). 
Predominantly, these leaves contain flavonols quercetin and kaempferol in their 3’-O-glycoside 
forms (Kahkonen et al., 1999; Joshi and Mehta, 2010; Mbikay, 2012). Flavonols are well known 
compounds with radical scavenging properties (Miliauskas et al., 2004). Furthermore, quercetin 
has been shown to be an excellent trap for ABTS◦+ with five times more activity than Trolox at 
equivalent molar concentrations (Scalbert et al., 2005). Surprisingly, on D3 meat from birds fed 
T4 diets had the highest TBARS (P < 0.05), and were lowest in meat from T3 birds (0.034 v. 
0.019). However, on D7 TBARS were highest in T2 (P < 0.05) and lowest in T5 at 0.260 v. 
0.159; and T4 was also lower at 0.188. In agreement, meat from goats supplemented with 
MOLM was reported to exhibit the highest antioxidant capacity with the diet inhibiting the free 
radicals (Qwele et al., 2013).  
 
Similarly, cinnamic acid derivatives in M. oleifera leaves are supposed to possess several health 
benefits due to their strong free radical scavenging properties and antimicrobial activity (Mbikay, 
2012; Sova, 2012); and antihyperglycemic activity (Kasetti et al., 2012). Moreover, gallic acid, 
also contained in M. oleifera leaves has antioxidant effects (Jung et al., 2010). A sudden increase 
of TBARS in meat from T1 birds was observed on D5, continuously increasing until D8 to reach 
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2.139 which was much higher than the 0.086 observed in meat from T5 birds, the negative 
control. Overall, TBARS in meat from birds that were fed diets with highest MOLM levels 
showed lower TBARS, which ranged between 0.033 and 0.086 over the storage period. Qwele et 
al. (2013) concluded that the percentage lipid oxidation inhibition observed in the meat from 
MOLM supplemented animals indicated the defence mechanism in the animal system to prevent 
the formation of excessive free radicals. Polyphenols have been reported to inhibit lipid 
oxidation in frozen-stored chicken meat stored for 1-year (Tang et al., 2002). 
 
A correlation between radical scavenging capacities of plant extracts with total phenolic 
compound content exists (Miliauskas et al., 2004). This could be said of the current study, 
whereby the oxidative stability in meat seemed to increase with MOLM supplementation, 
although, meat in T3 tended to have lower TBARS than T4. Antioxidant activity in Moringa 
oleifera leaves is further enhanced by the presence of glucosinolates, which carry a benzyl-
glycoside group linked to the single carbon of the motif, leading to the formation of 
isothiocyanates, thiocyanates, or nitriles upon enzymatic hydrolysis (Bennett et al., 2003; 
Mbikay, 2012). Isothiocyanates were found to suppress inducible nitric oxide synthase (iNOS) 
expression and nitric oxide (NO) production in lipopolysaccharide (LPS)-stimulated RAW264.7 
mouse macrophage cells (Cheenpracha et al., 2011). Allyl isothiocyanate is reported to possess 
exceptionally high antioxidant activity, even higher than that of butylated hydroxyanisole (BHA) 
and butylated hydroxytoluene (BHT) at 400 mg/L and α-tocopherol at 200 mg/L, respectively 
(Velioglu et al., 1998).  
  
  
177 
 
Table 7.6 Effect of diets supplemented with or without Moringa oleifera leaf meal TBARS (mg MDA/kg meat) of broiler breast 
meat (35 d) during refrigerated and frozen storage. 
Storage period Dietary treatments SEM P-value 
T1 T2 T3 T4 T5   
        
Day 1 0.063
b
  0.119
a
  0.075
b
  0.059
b
  0.080
b
  0.0063 0.012 
Day 2 0.076  0.062  0.065  0.061  0.071  0.0024 0.255 
Day 3 0.032
ab
  0.023
bc
  0.019
c
  0.034
a
  0.024
bc
  0.0017 0.015 
Day 4 0.056
a
  0.039
ab
  0.028
b
  0.029
ab
  0.041
ab 
0.0044 0.048 
Day 5 0.626  0.158  0.167  0.196  0.302 0.0891 0.443 
Day 6 0.287  0.304  0.266  0.241  0.304  0.0124 0.449 
Day 7 0.241
ac
  0.260
a
  0.236
ac
  0.188
c
  0.159
bc
  0.0120 0.033 
Day 8 2.139  0.497  1.532  0.636  0.087 0.3696 0.412 
a–c 
Means within the same row that do not share a common superscript are significantly different (P<0.05). T1, positive control, 668 
mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM 
intake, respectively; and T5: a negative control diet with no supplementation. 
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Figure 7.4 Least square means and standard errors on the effects of diets supplemented with 
or without Moringa oleifera leaf meal (MOLM) on the TBARS (mg MDA/kg meat) of broiler 
breast meat at 35 d age. T1, positive control, 668 mg Zinc Bacitran, 500 mg Albac; T2, T3 and T4 
contained graded levels of M. oleifera leaf meal (MOLM) at 1%, 3% and 5% of DM intake, 
respectively; and T5: a negative control diet with no supplementation. 
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7.4 CONCLUSION 
Results of the current study demonstrated that supplementation of M. oleifera leaf meal at 
additive levels of up to 5% of the bird’s DMI reduced TBARS and influenced the fatty acid 
composition in broiler meat. The tendency to have lower TBARS on meats from T3 and T4 birds 
was a clear indication that M. oleifera supplementation is capable of reducing lipid oxidation in 
broiler breast meat. Until 8 days of cold storage, followed by frozen storage, the unsaturated FA 
profile of meat from MOLM supplemented was higher. Thus, in view of the unsaturated fatty 
acid profile and antioxidant stability in meats from birds supplemented with MOLM, it was 
deduced that Moringa oleifera leaf meal at inclusion level that are not detrimental to the bird’s 
performance, may be promising source of natural antioxidants for broiler meat. 
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CHAPTER 8 
GENERAL DISCUSSION AND CONCLUSIONS 
 
The study reported here was designed to determine the level of Moringa oleifera leaf meal at 
which additive supplementation will affect growth performance, digestibility, digestive organ 
size, intestinal integrity, bone ash content and bone breaking strength, as well as meat yield and 
quality of broiler chickens. It was hypothesised that given a bird with a known genotype and a 
potential for fast growth, if the rearing environment is of optimal bio-secure standards, the bird 
will reach each maximum growth performance, with no signs or cases of bone defects detected, 
having healthy gastrointestinal tracts that will manifest in efficiency of nutrient utilisation 
reflected in quality meat with prolonged shelf-life. With this knowledge, it was further 
hypothesised that Moringa oleifera leaf meal, when supplemented at low additive levels, will 
result in similar benefits that have been realised for decades with the use of antibiotic growth 
promoters, and may even be better.   
 
The efforts of poultry geneticists over the past decades have been evident in the growth 
performance of broiler chickens, with birds reaching their market weight at 35 days of age at 
least cost feeding and with optimum FI and FCR. This success in breeding has been supported by 
efficiencies in feed formulation, vaccination programmes and management practices aimed at 
optimizing the potential of a known bird genotype to lean tissue accretion when reared under 
favourable conditions with optimal bio-security measures. This provides an insight into the 
efficient capability of the chick to digest feed and to cope with environmental and management 
stresses (Mateos et al., 2002). To date poultry meat is the cheapest, with low saturated fat levels 
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in comparison to beef and pork, as a result, consumer perceptions on raw and cooked meat 
quality have created significant interest in increasing the understanding of digestive physiology 
and the dynamics of the gut micro-flora (Dibner and Richards, 2005). Moringa oleifera leaves 
contain a profile of important minerals, and are a good source of essential amino acids, vitamins 
C, β-carotene and various phenolics (Bennett et al., 2003); and are particularly rich in essential 
amino acids, including the sulfur-containing amino acids (Moyo et al., 2011) in higher levels 
than those recommended by the Food and Agriculture Organization (FAO), and with patterns 
similar to those of soybean seeds (Ferreira et al., 2008). The leaves, rich in vitamin A and C, are 
considered useful in scurvy and respiratory ailments; they are also used as an emetic (Roloff et 
al., 2009). Existing scientific research show Moringa leaves to contain more vitamin A than 
carrots, more calcium than milk, more iron than spinach, more vitamin C than oranges, and more 
potassium than bananas, and that the protein quality the rivals that of milk and eggs, while fresh 
leaves contain 6.7% protein (Joshi and Mehta, 2010).   
 
In Chapter 3 of this study, it became evident that a bird of high genetic makeup will grow 
optimally even without supplementation of growth promotants, as was shown by the feeding of 
the negative control diet. Of interest, however, was to note that birds that were given various 
additive levels of MOLM had significantly the highest (P < 0.05) BW, FI, FCR, PER and EEU 
than birds on the positive and negative control.  Growth performance efficiency was highly 
enhanced in birds fed T2, T3, and in particular T4, which had the highest supplementation levels. 
It was further observed that birds fed T4 had the highest levels of digested nutrient, even though 
digestibility could not be calculated due to the presence of endogenous losses in the excreta. This 
happened despite the fact that a number of feedstuffs used in formulation of poultry diets contain 
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anti-nutritive factors which may cause inconsistencies, and even sub-optimal growth 
performance in broiler chickens (Khempaka et al., 2009; Selle et al., 2010; Moyo et al., 2011). 
Reasonable levels of fibre are also found in M. oleifera leaves; however, their effect on the bird 
was more on maintaining the internal digestive homeostasis, which could be attributed to the 
additive effects in these leaves. Until 35 days of age, the leg bones of birds supplemented with 
MOLM were able to withstand the pressure of their heavy BW. No skeletal problems and or 
distortions were observed throughout the experiment in all treatments. The bone morphology, 
ash content and mineral composition as well as the bone breaking strength is well discussed in 
chapter 5 of this study. Steroids, similar those present in Moringa leaves have been shown to 
increase protein synthesis, promoting growth of muscles and bones (Bamishaiye et al., 2011). 
  
Similarly, in as much as no significant effects existed between treatments digestive organs of 
MOLM supplemented birds tended to be the highest. In Chapter 4, the overall intestinal integrity 
of birds in the study showed no significant differences, again that may be taken as evidence of 
medicinal properties in bioactive compounds in MOLM or maybe that the environment was 
hygienic enough to prevent pathogenic proliferation that would otherwise impact negatively on 
bird health, and therefore its performance. Having early access to quality feed and water post-
hatch has been shown to stimulate the growth of the gastrointestinal tract (GIT) and its 
absorptive capacity; causing improvements in gut integrity and subsequent performance. Gain in 
protein deposition, in subsequent, is based on an improved feed conversion rate, influenced by 
digestibility of dietary ingredients that supply nutrients to the birds, and further determining 
micro-flora proliferation in their guts. Intestinal health is one of the major factors governing the 
performance of birds and thus, the economics of poultry production. As shown in Chapter 4 
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results, healthy animals are able to maintain a balanced microbial population that plays an 
important role in the growth and health of animals; including metabolizing nutrients in the 
digester to produce short chain fatty acids.  
 
In Chapter 5, it was shown that supplementing broilers with MOLM improves the birds’ bone 
strength and Ca: P ratios. This is important given that bone strength and development is closely 
linked to the expression of genetic potential for maximum lean muscle deposition and that 
skeletal integrity of broiler chickens has become a welfare and economic concern (Williams et 
al., 2004). Weak bones are an undesirable trait in growing broiler flocks that have been linked to 
mortality of birds, and condemnation or downgrading of carcasses during processing (Onyango 
et al., 2006). 
 
Currently, consumers perceive edible poultry tissues to be contaminated with harmful 
concentrations of drug residues linked to the development of antibiotic-resistant pathogenic 
bacteria that poses a threat to human health (Donoghue, 2003). Chapters 6 and 7 of this study 
was aimed at evaluating the effect of Moringa oleifera leaf meal on broiler meat quality 
proximate, composition and shelf-life attributes (pH, colour, and drip loss), fatty acid profile and 
lean meat yield, as well as to assess the extent of oxidative stability of lipid components and fatty 
acid composition in broiler breast meat of chickens supplemented with Moringa oleifera leaf 
meal. It was evident from the results that MOLM has antioxidant properties that could be 
adopted to enhance raw and edible meat quality. As such MOLM can be viewed as a possible 
solution that would address public health concerns without compromising the efficiency of 
poultry production (Pericano et al., 2003).  Until 8 days of storage, the unsaturated FA profile, as 
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well as the lipid stability of the meat from birds supplemented with MOLM was still intact, an 
improvement in the functionality of the meat. As with MOLM, plant supplements are common 
dietary additives for humans, preferred for their non-toxic chemical composition, relatively low 
cost and easy availability (Cross et al., 2011).  
 
Currently, in many parts of the world MOLM is already being used as a natural supplement by 
humans with proven medicinal effects. This study therefore, addressed the gaps in the possible 
efficacy of MOLM as a nutritional additive in broiler diets at additive levels.  This may reduce 
the hesitation in nutritionists to incorporate these feed additives in poultry diets attributed to 
unfamiliarity, the overselling of plausible effects by industry, product inconsistency, as well a 
lack of documentation on physiological and microbiological effects in vivo and persistence 
(Bamishaiye et al., 2011). It may therefore be concluded that the study met all its objectives, and 
the incorporation of MOLM in poultry diets, viewing by its effects on poultry productivity in 
general would benefit both producers and consumers. 
 
RECOMMENDATIONS 
Generally birds that were supplemented with the highest MOLM levels had significantly the 
highest performance; with regards to growth, nutrient utilization, meat yield and digestive organ 
size. Similar observations were made as far as the rest of measured variables in this study. These 
effects need to be validated with further research, still at low inclusion levels.  
 The active compound with regulatory effects on growth performance may be identified in 
a digestibility trial conducted from 7 days of age. Measurement of endogenous losses to 
quantify nutrient utilisation efficiency, using markers may also be done. 
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 Characterisation of tocopherol derivatives of vitamin E in Moringa oleifera leaves, and 
the actual experimental diets to determine the extent of its involvement in oxidative 
stability.   
 Requirements for Ca and P increases with age, thus quantification of available P and Ca 
in the diet and in the bones throughout the production cycle is crucial to determine the 
metabolisability of these minerals (McDevitt et al., 2006). It is also important to 
determine the actual phytate content in MOLM, as well as in the final diets before and 
after pelleting; and also its influence on overall nutrient utilisation, growth performance 
and tibia ash (Yan et al., 2006). 
 Bone strength analyses, measuring porosity and resistance to breakage at all ages should 
be conducted. 
 Determine vitamin C and E levels in MOLM and the actual dietary treatments; and their 
stability. 
 The vitamin-mineral premix always includes vitamin E it would be interesting to conduct 
a trial with graded levels of MOLM to assess the effect of vitamin E on meat FA and 
oxidative stability. The oxidative stability of poultry lipids has been found to be 
dependent on the α-tocopherol concentration present in cell membrane phospholipids, 
which in turn is dependent on the concentration of α-tocopheryl acetate in the feed.  
 A fatty acid profile of MOLM, the actual dietary treatments and the meat should be 
conducted. 
 Fatty acid profiles and oxidative stability can be determined on the thigh, breast and 
maybe the drumstick. 
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APPENDIX I 
 
Fatty Acids 
  
Symbol   Common name Systemic name Sat / Mono / 
Poly 
Omega 3/6 
6:0   Caproic Hexanoic acid Sat 
 8:0   Caprylic Octanoic acid Sat 
 10:0   Capric Decanoic acid Sat 
 11:0     Undecanoic acid Sat 
 12:0   Lauric Dodecanoic acid Sat 
 13:0     Tridecanoic acid Sat 
 14:0   Myristic Tetradecanoic acid Sat 
 14:1   Myristoleic cis-9-Tetradecanoic acid Mono 
 15:0   Pentadecylic Pentadecanoic acid Sat 
 15:1     cis-10-Pentadecanoic acid Mono 
 16:0   Palmitic Hexadecanoic acid Sat 
 16:1 n-9c Palmitoleic cis-9-Hexadecenoic acid Mono 
 17:0   Margaric Heptadecanoic acid Sat 
 17:1     cis-10-Heptadecenoic acid Mono 
 18:0   Stearic Octadecenoic acid Sat 
 18:1 n-9c Oleic cis-9-Octadecenoic acid Mono 
 18:1 n-9t Elaidic   Mono 
 18:2 n-6c Linoleic cis-9,cis-12-Octadecadienoic acid Poly 6 
18:2 n-6t Linolelaidic   Poly 6 
18:3 n-6 g-Linolenic 6,9,12-Octadecatrienoic acid Poly 6 
18:3 n-3 a-Linolenic 9,12,15-Octadecatrienoic acid Poly 3 
20:0   Arachidic Eicosanoic acid Sat 
 20:1 n-9 Gondoic cis-11-Eicosenoic acid Mono 
 20:2 n-6   11,14-Eicosadienoic acid Poly 6 
20:3 n-3   cis-11,14,17-Eicosatrienoic acid 
 
3 
20:3 n-6 
Homo-g-
Linolenic cis-8,11,14-Eicosatrienoic acid Poly 6 
20:4 n-6 Arachidonic 
cis-5,8,11,14-Eicosatetraenioc 
acid Poly 6 
20:5 n-3 EPA 
cis-5,8,11,14,17-
Eicosapentaenoic acid Poly 3 
22:0   Behenic Docosanoic acid Sat 
 22:1 n-9 Erucic 13-Docosenoic acid Mono 
 22:2     cis-13,16-Docosadienoic acid Poly 
 24:0   Lignoceric Tetracosanoic acid Sat 
 24:1 n-9 Nervonic 15-Tetracosenoic acid Mono 
 
22:5 n-3 DPA 
cis-7,10,13,16,19-
Docosapentaenoic acid Poly 3 
22:6 n-3 DHA 
cis-4,7,10,13,16,19-
Docosahexaenoic acid Poly 3 
  Sat = saturated; Poly = mono- or poly-unsaturated.  
